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DETACHAB&  SUMMARY 
OPERATIONAL  PLANNING  -  DEBRIS  REMOVAL 

Debris  following  a  nuclear  explosion  can  be  predicted  with  procedures 
estabUshed  In  other  studies.  It  is  related  to  building  size,  construction  and 
use  as  well  as  overpressures. 

Routes  along  streets  for  post-attack  emergency  use  will  need  to  be 
cleared  from  20  to  50  feet  wide.  Equipment  and  other  resources  must  be  mobi¬ 
lized  as  soon  as  possible.  Many  of  the  emergency  routes  will  be  required  to 
be  cleared  within  hours  or  a  very  few  days  to  rescue  survivors,  prevent  fire 
spread  and  re-establish  emergency  services. 

Equipment  and  other  resources  should  be  inventoried,  classified,  and 
listed  beforehand  to  expedite  mobilization  and  to  make  an  orderly  plan  of  pro¬ 
cedure  for  operation  control.  This  includes  plans  for  estimating  supporting  re¬ 
source  and  supplies  and  accounting  for  them. 

DEBRIS  DESIGNATIONS 

Debris  has  been  classified  to  reflect  the  important  characteristics  that 
affect  its  removal.  These  are  chunk  or  piece  size,  depth  and  structural  content. 
Sixteen  such  classes  are  defined. 

Unusual  content  which  will  vary  with  time  or  conditions  of  attack,  must 
be  known.  One  such  problem  will  be  automobiles.  Such  inclusions  will  re¬ 
quire  the  normal  debris  classification  to  be  revised. 

CLEARING  TASKS 

There  will  be  many  emergency  debris  clearing  tasks  in  any  damage  situa¬ 
tion.  Among  other  needs,  routes  will  be  required  for  rescue  and  fire  fighting, 
evacuation,  and  access  to  essential  facilities.  The  purpose  of  the  route  will 
determine  its  width,  and  three  such  route  widths  have  been  chosen  as  20,  30 
and  SO  feet. 
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Debris  removal  for  each  task  will  be  by  dozing  or  load  and  haul  or  a 
combination  of  the  two.  These  three  methods  are  shown  on  a  matrix  with  the 
three  route  widths  to  provide  a  code  from  1  to  9  for  type  of  operation. 

Tasks  can  be  numbered  and  Usted.  The  Ust  shows  debris  designation, 
traffic  content  and  type  of  operation.  It  also  shows  physical  characteristics 
required  for  estimating  volume  and  resulting  production  requirements.  These 
characteristics  are  width  and  length  of  route  and  average  depth  of  debris.  The 
time  in  which  task  should  be  accomplished  is  shown  as  is  the  task  priority. 

EQUIPMENT  PRODUCTIVITY 

Construction  equipment  most  likely  to  be  used  is  coded  in  terms  of  either 
horsepower  or  bucket  capacity,  whichever  is  appropriate.  Standard  production 
rates  are  given  for  each  code  for  handling  a  uniform  material  such  as  well- 
blasted  rock. 

Debris  will  be  more  difficult  to  move  than  well-blasted  rock.  Variations 
in  piece  size  and  depth  add  to  the  difficulties  as  does  inclusion  of  structural 
steel,  building  contents,  and  exterior  objects.  Factors  have  been  determined 
for  each  of  these  elements  which  decrease  production  and  are  presented  in  a 
table  for  each  debris  type,  for  each  type  of  equipment  and  traffic  situation. 

Production  will  be  reduced  further  if  more  than  one  piece  of  equipment  is 
used  or  if  a  single  piece  is  used  in  a  narrow  route.  Multiple  unit  factors  for 
these  conditions  are  shown  for  each  type  of  major  equipment. 

These  factors  are  applied  to  the  standard  production  for  all  debris  situa¬ 
tions  to  arrive  at  iiasonable  production  estimates. 

DEBRIS  ENVIRONMENT 

Debris  prediction  surveys  should  be  made  of  each  debris  zone  prior  to 
any  emergency.  These  should  be  updated  at  least  annually. 
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The  surveys  will  list  building  height,  size,  construction,  use  and  block 
coverage.  It  will  show  block  sizes  and  street  widths.  The  proposed  survey 
form  provides  space  for  notation  of  trees  and  poles  and  comments  on  unusual 
conditions  such  as  large  numbers  of  billboards. 

This  survey  can  be  made  by  patrolling  each  area.  It  can  also  be  aided 
by  use  of  several  available  maps  such  as  Sanborn  maps  or  city  building  code 
maps. 

The  proposed  survey  form  can  be  used  to  predict  debris  volumes  and 
types  for  various  shock  or  overpressure  conditions.  A  table  Is  provided  to 
show  a  relationship  of  building  volume  and  use  to  Its  potential  debris  volume 
for  blast  only  or  for  blast  and  fire.  Another  table  shows  average  depth  of  de¬ 
bris  factors  for  various  block  sizes  In  relation  to  street  widths  from  30  to  120 
feet. 

A  chart  shows  the  blast  overpressure  at  which  20  building  types  experi¬ 
ence  light,  moderate  or  severe  damage.  Moderate  damage  for  all  buildings 
occurs  at  less  than  6  psl.  Severe  damage  for  a  few  does  not  occur  until  11  psl 
but  severe  damage  starts  In  most  at  less  than  9  psl  and  In  3  types  at  less  than 
6  psl. 

The  Important  consideration  for  debris  removal  is  that  condition  which 
creates  debris  in  the  streets.  A  table  gives  the  factor  for  this  for  each  build¬ 
ing  type  for  overpressures  from  2  to  20  psl,  where  appropriate.  Other  tables 
show  ratios  of  maximum  to  average  debris  depth,  debris  size  under  varying 
conditions,  and  ways  to  anticipate  automobile  inclusions. 

AVAILABILITY  OF  REMAINING  RESOURCES 

Equipment  yards  of  contractors,  utilities,  and  mining  companies,  or 
others  should  be  given  serial  numbers  and  an  Inventory  made  of  each  yard 
showing;  shovels,  front  end  loaders,  dozers  and  motor  graders  by  equipment 
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code  number.  These  should  be  summarized  by  code  numbers  for  each  zone. 

A  cadre  of  equipment  operators  and  operating  management  personnel 
should  be  listed  with  methods  of  contact  and  vital  statistics  on  age,  skills, 
etc. 

Fuel  and  lubricant  stock  point  locations,  and  methods  of  contacting 
them  should  be  tabulated.  Parts  sources  for  the  major  manufacturers  of  equip 
ment  should  be  similarly  listed. 

Multipurpose  staging  areas  (MSA)  should  be  selected  and  shown  and 
these  will  be  those  areas  to  which  equipment  not  assigned  will  be  gathered 
and  from  which  it  will  be  dispersed.  This  gathering  of  equipment  at  the  MSA 
may  start  during  the  period  of  Increased  readiness. 

EVALUATION  OF  CLEARING  TASKS 

Anticipated  tasks  can  be  listed  for  hypothetical  situations  and  provi¬ 
sional  priorities  should  be  assigned.  This  will  be  done,  recognizing  that  ac¬ 
tual  priorities  must  be  established  based  on  a  great  many  variables  after  an 
event.  The  provisional  priority  system  will  provide  an  intermediate  guide  for 
ordering  the  assignment  of  resources.  This  report  suggests  guidelines  for  pro 
visional  priority  assignment,  based  on  urgency,  number  and  condition  of  peo¬ 
ple  and  the  chance  of  success  of  the  mission. 

MOBILIZATION 

Mobilization  will  require  a  declaration  of  emergency,  establishment  of 
organization  and  housing,  and  ultimately  movement  of  equipment  from  its  base 
to  the  zone  or  task  site  where  it  will  be  used,  or  to  a  MSA. 

Movement  of  equipment  to  a  task  site  will  require  time  to  be  added  to 
removal  production  estimates.  Zone  to  zone  time  tables  will  be  needed  and 
are  illustrated.  In  some  cases,  uncontrollable  Are  or  radiation  may  restrain 
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allocation  of  resources  for  all  or  part  of  a  task. 

ASSIGNMENT  OF  RESOURCES 

Equipment  from  the  inventory  will  be  formed  into  effective  groups  which 
may  be  dissolved  and  reformed  if  required  by  tasks  as  they  develop.  The 
equipment  groups  will  be  coded  and  the  code  will  show  essenUal  group  char¬ 
acteristics  . 

The  group  card  shows  major  and  minor  equipment  and  supporting  re¬ 
sources  of  fuel,  oil,  grease  end  labor.  It  also  shows  standard  production. 

A  task  card  is  made  for  each  task  and  nearby  groups  will  be  listed  on  it 
for  production  evaluation  versus  need.  The  most  effective  group  will  be  as¬ 
signed  . 

determination  QE  TOTAL  EFFORT 

The  task  cards  provide  a  source  of  information  for  resource  needs. 

These  can  be  summarized  for  the  total  task  requirements. 

A  form  is  provided  for  the  individual  task  managers  to  make  a  daily  re¬ 
port  of  progress,  unusual  developments  and  details  of  all  resources  used. 

A  flow  chart,  is  provided  to  explain  total  pre- event  organization  of  a 

debris  removal  operation . 

PROBLEM  SIMULATION 

The  proposed  debris  clearing  operational  plan  is  illustrated  by  means 
of  an  assumed  attack  on  the  City  of  San  Francisco. 
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PREFACE 


This  report  on  urban  debris  removal  in  an  emergency  situation  has 
been  prepared  by  Jacobs  Associates  of  500  Sansome  Street,  San  Francisco, 
California  under  Contract  No.  DAHC  20-70-6-0305  dated  26  February,  1970 
with  the  Office  of  Civil  Defense. 

This  is  a  continuation  of  studies  of  debris  generation  and  methods  of 
handling  debris.  It  is  sponsored  by  the  Office  of  Civil  Defense.  Coopera¬ 
tion  has  been  helpful  from  Mr.  Edward  P.  Joyce,  Director  Disaster  Corps, 
City  of  San  Francisco,  Mr.  William  H.  Van  Horn  of  URS  and  Mr.  Charles 
Rainey  of  Stanford  Research  Institute. 

The  contracting  officer  Is  Mr.  Phillip  H.  Miller  and  the  technical 
monitor  is  Mr.  M.  A.  Pachuta,  who  has  been  most  helpful. 
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abstract 


IlUs  report  t,  .»  .o.iya,  of  „eo  p,  .vMi,p,e  .echnolopy  for  a  practl- 
e.I  organ, aauon  o,  oorrvenaonal  reaoeroa.  to  aooompUsh  the  Job  of  dabrta 
renrova,  f,o„  amerpency  routee  an  urban  are.  followtn,  a  nrrclear  exploeion 
Detailed  direction,  are  «„en  to  predict  debrts  quantity,  parucle  „ze, 
variations  In  depth  and  distribution.  A  stapUfled  method  „  provided  to  clas- 
sify  and  code  the  debris  Into  sixteen  types. 


lOnns  are  provided  for  (11  Inventory  of  e.senUal  resource,;  (2|  proup- 
tng  the  equipment  and  estimating  Its  need,  ,n  fuel,  manpower  and  suppomng 

tool,.  These  procedures.  If  pre-planned,  can  prov.de  control  on  the  use  of 
these  resources  during  an  operation. 

Task  requirement  cards  provide  guidance  In  the  use  and  selection  of 
resources. 


These  procedures  can  be  used  In  debris  clearing 
from  natural  or  man-caused  disasters. 


operations,  whether 
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INTRODUCTION 


Debris  clearing  operations  may  be  a  critical  function  in  the  early 
post-attack  period.  The  purpose  of  this  study  is  to  provide  a  method  by 
which  potential  debris  environments  can  be  predicted,  and  to  present  an  op¬ 
erational  plan  for  the  efficient  removal  of  debris  from  designated  routes. 
Methods  of  evaluating  clearing  tasks,  assigning  appropriate  resources,  and 
determining  total  effort  required  are  set  forth.  The  study  relates  primarily 
to  environments  resulting  from  a  nuclear  attack  but  could  be  adjusted  and 
used  in  considering  other  disasters  such  as  hurricanes  or  earthquakes. 

Overall  recovery  efforts  Include  many  aspects  beyond  the  scope  of 
this  study.  An  attempt  Is  made  to  show  how  debris  clearing  operations  can 
be  included  in  general  emergency  or  disaster  planning  and  to  indicate  the  re¬ 
lative  effect  of  debris  clearing  on  other  operations  or  functions . 

Much  of  the  Information  and  data  necessary  to  evaluate  and  specify 
debris  clearing  requirements  have  been  presented  in  other  research  studies 
(References  1-7),  This  study  has  utilized  and  expanded  applicable  data  in 
formulating  the  methods  and  procedures  set  forth  herein. 

Details  are  provided  for  both  planning  and  operational  control  of  de¬ 
bris  clearing  operations.  Charts  and  tables  delineate  the  various  steps  to 
be  taken.  They  provide  also  input  data  necessary  to  evaluate  the  effects  of 
different  attack  conditions  on  both  debris  environments  and  resource  alloca¬ 
tion. 

To  illustrate  the  proposed  plan,  a  case  study  was  made  for  the  City 
of  San  Francisco  using  a  simulated  situation  as  might  result  from  a  "1  Mt  air 
burst  over  City  Hall" .  Results  of  the  case  study  are  given  in  terms  of  "total 
effort"  required  to  clear  debris  from  twelve  designated  routes  through  the  City. 
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SUMMARY 


Debris  following  a  nuclear  explosion  can  be  predicted  with  procedures 
established  In  other  studies.  It  Is  related  to  building  size,  construction  and 
use  as  well  as  overpressures. 

Routes  along  streets  for  post-attack  emergency  use  will  need  to  be 
cleared  from  20  to  50  feet  wide.  Equipment  and  other  resources  must  be  mobi¬ 
lized  as  soon  as  possible.  Many  of  the  emergency  routes  will  be  required  to 
be  cleared  within  hours  or  a  very  few  days  to  rescue  survivors,  prevent  fire 

spread  and  re-estabUsh  emergency  services. 

Equipment  and  other  resources  should  be  Inventoried,  classified,  and 
Usted  beforehand  to  expedite  moblUzatlon  and  to  make  an  orderly  plan  of  pro¬ 
cedure  for  operation  control.  This  Includes  plans  for  estimating  supporting  re¬ 
source  and  supplies  and  accounting  for  them. 

DEBRIS  DESIGNATIONS 

Debris  has  been  classified  to  reflect  the  Important  characteristics  that 
affect  Its  removal.  These  are  chunk  or  piece  size,  depth  and  structural  content. 
Sixteen  such  classes  are  defined. 

Unusual  content  which  will  vary  with  time  or  conditions  of  attack,  must 
be  known.  One  such  problem  will  be  automobiles.  Such  Inclusions  will  re¬ 
quire  the  normal  debris  classification  to  be  revised. 

CLEARING  TASKS 

There  will  be  many  emergency  debris  clearing  tasks  In  any  damage  situa¬ 
tion.  Among  other  needs,  routes  will  be  required  for  rescue  and  fire  fighting, 
evacuation,  and  access  to  essential  faciUtles.  The  purpose  of  the  route  will 
determine  Its  width,  and  three  such  route  widths  have  been  chosen  as  20,  30 

and  50  feet. 
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Debris  removal  for  each  task  will  be  by  dosing  or  load  and  haul  or  a 
combination  of  the  two.  These  three  methods  are  shown  on  a  matrix  with  the 
three  route  widths  to  provide  a  code  from  1  to  9  for  type  of  operation. 

Tasks  can  be  numbered  and  listed.  The  list  shows  debris  designation, 
traffic  content  and  type  of  operation.  It  also  shows  physical  characteristics 
required  for  estimating  volume  and  resulting  production  requirements.  These 
characteristics  are  width  and  length  of  route  and  average  depth  of  debris.  The 
time  in  which  task  should  be  accomplished  Is  shown  as  Is  the  task  priority. 

EQUIPMENT  PRODUCTIVITY 

Construction  equipment  most  likely  to  be  used  is  coded  in  terms  of  either 
horsepower  or  bucket  capacity,  whichever  is  appropriate.  Standard  production 
rates  are  given  for  each  code  for  handling  a  uniform  material  such  as  well- 
blasted  rock. 

Debris  will  be  more  difficult  to  move  than  well-blasted  rock.  Variations 
in  piece  size  and  depth  add  to  the  dlfficulttes  as  does  inclusion  of  structural 
steel,  building  contents,  and  exterior  objects.  Factors  have  been  determined 
for  each  of  these  elements  which  decrease  production  and  are  presented  in  a 
table  for  each  debris  type,  for  each  type  of  equipment  and  traffic  situation. 

Production  will  be  reduced  further  if  more  than  one  piece  of  equipment  Is 
used  or  If  a  single  piece  is  used  In  a  rtarrow  route.  Multiple  unit  factors  for 
these  conditions  are  shown  for  each  type  of  major  equipment. 

These  factors  are  applied  to  the  standard  production  for  all  debris  situa¬ 
tions  to  arrive  at  reasonable  production  estimates. 

DEBRIS  ENVIRONMENT 

Debris  prediction  surveys  should  be  made  of  each  debris  zone  prior  to 
any  emergency.  These  should  be  updated  at  least  annually. 
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The  surveys  will  list  building  height,  size,  construction,  use  and  block 
coverage.  It  will  show  block  sizes  and  street  widths.  The  proposed  survey 
form  provides  space  for  notation  of  trees  and  poles  and  comments  on  unusual 
conditions  such  as  large  numbers  of  billboards. 

This  survey  can  be  made  by  patrolling  each  area.  It  can  also  be  aided 
by  use  of  several  available  maps  such  as  Sanborn  maps  or  city  building  code 
maps. 

The  proposed  survey  form  can  be  used  to  predict  debris  volumes  and 
types  for  various  shock  or  overpressure  conditions.  A  table  is  provided  to 
show  a  relationship  of  building  volume  and  use  to  its  potential  debris  volume 
for  blast  only  or  for  blast  and  fire.  Another  table  shows  average  depth  of  de¬ 
bris  factors  for  various  block  sizes  in  relation  to  street  widths  from  30  to  120 
feet. 

A  chart  shows  the  blast  overpressure  at  which  20  building  types  experi¬ 
ence  light,  moderate  or  severe  damage.  Moderate  damage  for  all  buildings 
occurs  at  less  than  6  psl.  Severe  damage  for  a  few  does  not  occur  until  11  psi 
but  severe  damage  starts  in  most  at  less  than  9  psi  and  in  3  types  at  less  than 
6  psl. 

The  Important  consideration  for  debris  removal  is  that  condition  which 
creates  debris  in  the  streets.  A  table  gives  the  factor  for  this  for  each  build¬ 
ing  type  for  overpressures  from  2  to  20  psi,  where  appropriate.  Other  tables 
show  ratios  of  maximum  to  average  debris  depth,  debris  size  under  varying 
conditions,  and  ways  to  anticipate  automobile  inclusions. 

AVAILABIUTY  OF  REMAINING  RESOURCES 

Equipment  yards  of  contractors,  utilities,  and  mining  companies,  or 
others  should  be  given  serial  numbers  and  an  Inventory  made  of  each  yard 
showing:  shovels,  front  end  loaders,  dozers  and  motor  graders  by  equipment 
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code  number.  These  should  be  summarized  by  code  numbers  for  each  zone. 

A  cadre  of  equipment  operators  and  operating  management  personnel 

should  be  listed  with  methods  of  contact  and  vital  statistics  on  age,  skills, 
etc. 

Fuel  and  lubricant  stock  point  locations,  and  methods  of  contacting 
them  should  be  tabulated.  Parts  sources  for  the  major  manufacturers  of  equip¬ 
ment  should  be  similarly  listed. 

Multipurpose  staging  areas  (MSA)  should  be  selected  and  shown  and 
these  will  be  those  areas  to  which  equipment  not  assigned  will  be  gathered 
rjm  which  It  will  be  dispersed.  This  gathering  of  equipment  at  the  MSA 
may  stf,rt  du-lng  the  period  of  Increased  readiness. 

J/TION  OF  CT.FARING  TASKS 

Anticipated  tasks  can  be  listed  for  hypothetical  situations  and  provi¬ 
sional  priorities  should  be  assigned.  This  will  be  done,  recognizing  that  ac¬ 
tual  priorities  must  be  established  based  on  a  great  many  variables  after  an 
event.  The  provisional  priority  system  will  provide  an  Intermediate  guide  for 
ordering  the  assignment  of  resources.  This  report  suggests  guldeUnes  for  pro¬ 
visional  priority  assignment,  based  on  urgency,  number  and  condition  of  peo¬ 
ple  and  the  chance  of  success  of  the  mission. 

MOBILIZATIOM 

MoblUzation  will  require  a  declaration  of  emergency,  estabUshment  of 
organization  and  housing,  -and  ultimately  movement  of  equipment  from  Its  base 
to  the  zone  or  task  site  where  It  will  be  used,  or  to  a  MSA. 

Movement  of  equipment  to  a  task  site  will  require  time  to  be  added  to 
removal  production  estimates.  Zone  to  zone  time  tables  will  be  needed  and 
are  illustrated.  In  some  cases,  uncontrollable  Are  or  radiation  may  restrain 
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allocation  of  resources  for  all  or  part  of  a  task. 

ASSIGNMENT  OF  RESOURCES 

Equipment  from  the  Inventory  will  be  formed  into  effective  groups  which 
may  be  dissolved  and  reformed  if  required  by  tasks  as  they  develop.  The 

equipment  groups  will  be  coded  and  the  code  will  show  essential  group  char¬ 
acteristics. 

The  group  card  shows  major  and  minor  equipment  and  supporting  re¬ 
sources  of  fuel,  oil,  grease  and  labor.  It  also  shows  standard  production. 

A  task  card  Is  made  for  each  task  and  nearby  groups  will  be  listed  on  it 
for  production  evaluation  versus  need.  The  most  effective  group  will  be  as¬ 
signed. 

DETERMINATION  OF  TOTAT.  EFFORT 

The  task  cards  provide  a  source  of  Information  for  resource  needs. 

These  can  be  summarized  for  the  total  task  requirements. 

A  form  is  provided  for  the  Individual  task  managers  to  make  a  daily  re¬ 
port  of  progress,  unusual  developments  and  details  of  all  resources  used. 

A  flow  chart  is  provided  to  explain  total  pre-event  organization  of  a 
debris  removal  operation. 

PROBLEM  SIMULATION 

The  proposed  debris  clearing  operational  plan  Is  illustrated  by  means 
of  an  assumed  attack  on  the  City  of  San  Francisco. 
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SECTION  I 

DEBRIS  DESIGNATIONS 


1.1  INTRODUCTION 

The  rate  at  which  various  types  of  equipment  will  excavate,  load  or 
handle  different  materials  is  dependent  on  the  following  properties  of  the  ma¬ 
terial: 

1.  Maximum  size 

2.  Maximum  depth 

3.  Uniformity  of  composition  (content) 

4.  Average  depth 

5 .  Quantity  and  area  configuration 

Typical  construction  materials,  such  as  rock,  dirt,  or  gravel  are  fair¬ 
ly  homogeneous  and  are  usually  distributed  uniformly.  Consequently,  the 
production  rates  of  equipment  handling  these  materials  can  be  determined 
readily.  These  rates  indicate  the  average  hourly  production  which  coulv  be 
expected  in  completing  a  task  using  specific  kinds  of  equipment. 

E)ebrls  will  be  composed  of  many  different  types  and  sizes  of  mate¬ 
rials  and  will  be  encountered  in  various  configurations  and  distributions.  It 
is  necessary,  therefore,  that  certain  criteria  be  established  which  will  relate 
characteristics  of  debris  to  common  factors  useful  in  determining  equipment 
productivity.  The  first  three  properties  are;  size,  depth,  and  composition. 
These  are  discussed  in  this  section.  Section  2  deals  with  quantity  and  areal 
configuration.  All  must  be  considered  in  defining  a  particular  clearing  task. 

Previous  research  (References  2,  3  and  4)  has  attempted  to  define  the 
physical  dimensions  and  composition  of  potential  debris  based  on  the  type  of 
construction  and  use  of  contributing  buildings.  Those  studies  considered  the 
effects  of  both  blast  and  fire  damage  to  which  a  structure  may  be  subjected 


due  to  various  attack  conditions.  They  entailed  the  evaluation  of  theoretical 
analysis,  actual  observations  at  Hiroshima  and  Nagasaki  and  the  results  of 
physical  tests  conducted  by  the  Office  of  Civil  Defense  and  others.  Contin¬ 
uing  research  is  endeavoring  to  delineate,  more  specifically,  the  type,  quan¬ 
tity  and  ultimate  location  (with  respect  to  streets,  etc.)  of  debris  as  it  may 
be  encountered  in  post-attack  clearing  operations. 

1.2  DEBRIS  CHARACTERISTICS  AND  CLASSinCATION 

Existing  debris  generation  data  is  general  with  respect  to  size,  mix, 
and  type  of  material  resulting  from  the  destruction  of  buildings.  Fourteen  dif¬ 
ferent  types  of  debris  were  identified  under  prior  research  (Reference  1),  de¬ 
fining  these  variable  properties  in  terms  compatible  with  the  parameters  of 
equipment  productivity.  These  types  were  based  on  available  research  data, 
past  experience  with  construction  equipment  operation  and  personal  evalua¬ 
tions  of  anticipated  debris  characteristics.  Three  properties  of  debris  con¬ 
sidered  were: 

1.  Maximum  size  -  The  predominaat  maximum  size  of 
pieces,  excluding  structural  elements. 

2.  Maximum  depth  -  The  maximum  depth  to  be  encoun¬ 
tered  along  a  clearing  path. 

3 .  Structural  content  -  Indication  of  the  relative  quan¬ 
tity  of  elements  such  as  steel  beams,  large  pieces 
of  reinforced  concrete,  piping,  trees,  etc.  in  the 
debris .  This  factor  was  evaluated  on  the  basis  of 
added  difficulties  of  handling  debris  caused  by  such 
Inclusions  and  was  designated  as  follows: 
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Content  Code 

No  steel  or  wood  1 

Light  steel  -  no  wood  2 

Medium  to  heavy  wood;  no  steel  3 

Medium  steel  4 

Heavy  steel  5 


Elements  of  reinforced  concrete,  piping,  etc.  are  in¬ 
cluded  in  the  general  term  of  “steer*.  "Wood"  includes 
trees  and  utility  poles. 

Subsequent  study  indicated  that,  with  one  or  two  exceptions,  the  14 
designations  provided  a  reasonable  basis  by  which  debris  properties  could  be 
related  to  equipment  productivity.  Exceptions  included  conditions  where 
only  minor  quantities  of  debris  (two  to  three  inches,  or  less,  in  depth)  would 
be  encountered  or  where  the  predicted  debris  would  be  predominantly  that  from 
fallen  trees  or  utility  poles. 

To  accommodate  all  of  the  above  possibilities,  a  revised  debris  desig¬ 
nation  table  is  shown  in  Figure  1.1.  This  table  is  essentially  a  narrative  des¬ 
cription  of  data  which  have  been  presented  elsewhere  in  graphic  form  (Figure 
1.3  of  Reference  1).  It  designates  debris  types  by  a  two-digit  number.  The 
first  digit  relates  different  combinations  of  debris  sizes  and  depths  as  shown 
in  the  second  and  third  columns  of  the  table.  The  second  digit  delineates 
structural  content.  The  table  lists  the  various  types  of  debris  in  order  of  an¬ 
ticipated  degree  of  difficulty  in  handling  during  a  clearing  operation.  Desig¬ 
nation  1-1  is  the  least  difficult  and  6-5  is  the  most  difficult.  These  designa¬ 
tions  will  be  used  in  subsequent  determinations  of  clearing  task  requirements 
and  are  hereinafter  referred  to  as  "Parameter  A"  of  the  task  definition. 

In  appraising  the  overall  difficulty  of  accomplishing  a  clearing  task. 
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DEBRIS  DESIGNATIONS 


Designation 
(Parameter  A ) 

Range  of 
Max.  Size 
Inches 

Range  of 
Max.  Depth 
Feet 

Structural  Content 

1-1 

1-6 

0.1-1 

None 

1-2 

1-6 

0.1-1 

Wood 

2-3 

7-14 

1.1-3 

Light  Steel 

3-1 

15-30 

3.1-6 

None 

3-2 

15-30 

3.1-6 

Wood 

3-3 

15-30 

3.1-6 

Light  Steel 

3-4 

15-30 

3.1-6 

Medium  Steel 

3-5 

15-30 

3.1-6 

Heavy  Steel 

4-3 

31-48 

6.1-10 

Light  Steel 

4-4 

31-48 

6.1-10 

Medium  Steel 

4-5 

31-48 

6.1-10 

Heavy  Steel 

5-3 

49-60 

10.1-15 

Light  Steel 

5-4 

49-60 

10.1-15 

Medium  Steel 

5-5 

49-60 

10.1-15 

Heavy  Steel 

6-4 

61-72 

15.1-20 

Medium  Steel 

6-5 

61-72 

15.1-20 

Heavy  Steel 

Figure  1.1 
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it  is  necessary  to  consider  not  only  the  different  physical  properties  of  the 
debris  but  also  the  relative  mix  and  consequent  effect  of  each  of  the  varying 
properties  with  respect  to  the  others.  A  large  quantity  of  debris  consisting 
primarily  of  rubble  from  a  brick  building  could  be  less  difficult  to  clear  than 
a  relative  small  quantity  of  debris  intermingled  with  steel  girders. 

The  three  factors  considered  reflect  specific  criteria  necessary  for  the 
proper  equipment  selection  and  evaluation  of  productivity.  Quantitative  values 
for  each  of  these  factors  can  be  estimated  from  debris  generation  research  and 
confirmed  by  visual  Inspection  of  a  devastated  area  In  the  early  post-attack 
period.  Discussion  of  possible  methods  and  a  procedural  format  by  which 
pre-attack  predictions  of  debris  characteristics  and  type  can  be  made  is  given 
in  Section  4. 

1.3  TRAFnC  CONTrMT 

It  Is  likely  that  debris  in  streets  and  thoroughfares  will  contain  dam¬ 
aged  vehicles.  Their  presence  could  have  a  marked  Influence  on  the  produc¬ 
tivity  or  capabilities  of  equipment  used  in  clearing  operations.  This  type  of 
Inclusion  Is  treated  as  a  variable  factor  effecting  debris  types  since  It  varies 
with  respect  to  traffic,  parking  and  other  conditions  existing  at  time  of  attack. 
This  factor  depends  on  the  predicted  number  of  vehicles  which  may  be  con¬ 
tained  In  the  debris.  It  is  referred  to  as  "Parameter  B"  of  the  task  definition. 

In  accordance  with  this  and  paragraph  5.3  of  Reference  1,  this  factor  Is  de¬ 
fined  as: 


Traffic 


Parameter  B 
1 
2 


Light 

Medium 

Heavy 


1-S 


3 


As  With  other  factors,  their  relative  effect  on  the  overall  clearinff  operation 
vanes  With  other  physical  properties  of  the  debris.  In  areas  with  only  small 
amounts  of  debris,  the  vehicles  can  be  pushed  aside  with  Uttle  additional 
effort.  In  other  areas,  their  presence  would  affect  the  time  required  and  in¬ 
crease  the  difficulty  of  accomplishing  a  task.  Quantitative  evaluation  of  this 
factor  cannot  be  made  other  than  to  indicate,  generally,  the  additional  effort 
necessary  to  complete  a  clearing  task  in  which  damaged  vehicles  are  encoun¬ 
tered.  The  table  given  in  Hgure  1.2  is  one  method  by  which  allowance  for 
this  factor  can  be  made.  In  essence,  it  shows  that  the  presence  of  damaged 

vehicles  has  the  effect  of  classifying  type  of  debris  to  a  higher  degree  of  dif¬ 
ficulty. 


The  designations  are  sufficient  to  pennlt  a  reasonable  determination 
of  equipment  requirements  for  various  clearing  operations  to  be  conducted  in 
the  early  post-attack  period.  Subsequent  appraisal  of  the  actual  debris  en¬ 
vironment,  through  visual  or  other  reconnaissance  methods,  may  necessitate 
deviations  from  the  planned  operation,  but  such  changes  should  not  impair  the 
possibilities  of  successful  completion  significantly. 

The  crucial  element  is  the  classification  of  debris  conditions  for  de¬ 
termining  necessary  clearing  requirements  and  for  allocating  the  most  appro¬ 
priate  equipment. 

It  would  be  impossible  to  allow  for  all  possible  debris  types,  but  the 
designations  in  figure  1.1,  as  modified  by  those  in  figure  1.2,  encompass 
those  conditions  most  likely  to  be  encountered  in  clearing  operations.  Many 
streets  within  an  area  may  contain  only  minor  quantities  of  debris  requiring 
essentially  no  clearing  before  proceeding  with  other  Civil  Defense  functions. 
Debris  in  other  streets  may  make  it  virtually  impossible  to  conduct  or  com¬ 
plete  a  clearing  operation  within  the  concept  of  "emergency  operations. 
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TRAFnC  CONTENT 
PARAMETER  B 


Adi  uated^^b^^Deslanatlon 


1-1 

1-1 

2-3 

1-2 

2-3 

2-3 

3-3 

3-3 

3-4 

3-3 

3-4 

3-5 

3-4 

3-5 

4-3 

3-4 

4-3 

4-4 

3-5 

4-4 

4-5 

4-3 

4-5 

5-3 

4-5 

5-3 

5-4 

5-3 

5-4 

5-5 

5-4 

5-5 

5-5 

5-4 

5-5 

5-5 

5-5 

5-5 

6-4 

6-4 

6-4 

6-5 

6-4 

6-5 

6-5 

6-5 

6-5 

6-5 

Figure  1.2 
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standard  debris  designations  serve  several  purposes.  They  enable  a 
manager  In  charge  of  clearing  operations  to  make  early  evaluations  of  poten¬ 
tial  problems  and  to  allocate  appropriate  equipment  accordingly.  This  con¬ 
cept  is  discussed  later  and  Is  basically  the  process  of  Identifying  particular 
types  and  quantities  of  equipment  with  problems  associated  with  specific 
types  of  debris.  It  would  be  similar  to  a  construction  manager  who  is  In¬ 
formed  that  a  certain  Job  Involving  the  removal  of  a  considerable  amount  of 
rock  Is  to  be  completed  within  a  relative  short  period.  He  could  appraise, 
immediately,  the  general  type  and  number  of  units  of  equipment  required. 

Designating  debris  types  by  a  two-digit  number  allows  for  early  iden¬ 
tification  of  major  characteristics  of  the  debris.  The  first  digit  Indicates  the 
general  range  or  limits  of  particle  size  and  depth  of  material.  The  second 
digit  specifies  the  relative  degree  of  difficulty  In  handling  debris  due  to  dif¬ 
ferent  types  and  quantities  of  structural  or  other  Inclusions.  It  also  Indicates 
supporting  resources  required  to  accompUsh  a  task.  For  Instance,  a  designa¬ 
tion  of  2  (Wood)  Implies  that  chain  saws  and  similar  tools  will  be  required;  a 
designation  of  4  Indicates  that  cutting  torches  probably  will  be  needed.  Ad¬ 
ditional  effort  required  due  to  presence  of  damaged  vehicles  Is  indicated  by 
Parameter  B,  and  Its  effect  on  difficulty  is  Indicated  In  Figure  1.2. 

Since  the  designations  show  relaUve  degrees  of  difficulty  In  accom¬ 
plishing  a  task.  It  serves  as  a  guide  In  the  assignment  of  priorities  on  the 
basis  of  tasks  showing  the  greatest  posslbiUty  of  successful  completion  with¬ 
in  the  limits  of  available  resources  and  time. 

Standard  debris  designations  also  serve  the  purpose  of  providing  a 
common  basis  by  which  pre-attack  plans  and  post-attack  procedures  can  be 
equated.  Subsequent  sections  discuss  how  this  can  be  accomplished  by  re¬ 
lating  equipment  productivity  and  capablUties  to  the  given  designations. 
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SECTION  2 
CLEARING  TASKS 


2.1  INTRODUCTION 

The  ultimate  objectives  of  all  Civil  Defense  debris  clearing  tasks  can 
be  described  basically  as  one  or  more  of  the  following: 

1.  Provide  immediate  access  to  or  from  specified  locations 
for  the  implementation  of  emergency  rescue  and/or  fire¬ 
fighting  efforts. 

2.  Provide  evacuation  or  supply  routes. 

3.  Provide  access  to  essential  facilities. 

Although  there  is  an  infinite  number  or  combination  of  goals,  objec¬ 
tives  and  conditions  under  which,  or  for  which,  these  tasks  must  be  accom¬ 
plished,  all  have  four  common  elements  that  are  essential  in  the  final  deter¬ 
mination  of  clearing  operation  requirements.  These  elements  are: 

1 .  Type  of  debris  and  possible  inclusions  to  be 
encountered . 

2.  Type  of  operation,  or  method  used  in  handling  the 
debris. 

3.  Quantity  of  debris  to  be  handled. 

4.  Time  required  for  completion. 

Each  element  must  be  considered  with  respect  to  the  other  in  evaluating  task 
requirements  for  assignment  of  appropriate  available  resources. 

The  purpose  of  this  section  is  to  define  these  elements  in  such  a  man¬ 
ner  that  general  concepts  can  be  applied  to  a  wide  variety  of  potential  tasks. 
The  format  shown  as  Figure  2.1  is  used  to  tabulate  various  values  determined 
for  particular  tasks. 
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TASK 

NUMBER 


TASK  DEFINITION 


Figure  2.1 
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HOURS 


2.2  TYPE  OF  DEBRIS  AND  TRAFnC  CONTENT 

Various  types  of  debris  have  been  defined  in  Section  1 .  Figure  1 . 1 
designates  by  a  two-digit  number  the  type  of  debris  resulting  from  destruc¬ 
tion  of  buildings,  trees,  etc.  The  applicable  designation  is  noted  for  Para¬ 
meter  A  of  the  format  on  Figure  2.1.  Difficulty  of  handling  such  debris  due 
to  possible  inclusion  of  damaged  vehicles  is  taken  from  Figure  1.2.  This 
effect  is  indicated  as  a  relative  value  of:  light  (1) ,  medium  (2) ,  or  heavy  (3) , 
concentration  of  such  vehicles.  The  numerical  designation  of  1,  2  or  3  is 
recorded  as  Parameter  B. 

2.3  TYPE  OF  OPERATION 

There  are  two  basic  methods  of  handling  debris  that  will  be  used  in 
clearing  operations: 

1.  Pushing  debris  aside  (dozing) 

2.  Loading  debris  into  trucks  and  hauling  to  disposal 
areas  (load  and  haul) 

Either,  or  a  combination  of  the  two,  may  be  most  appropriate  for  a  particular 
task.  Making  such  a  determination  would  require  an  overall  knowledge  of  the 
physical  features  along  a  route,  such  as:  street  widths  and  patterns;  and  the 
objective  of  the  task,  and  the  debris  environment.  General  evaluations  can 
be  made.  Routes  through  a  predominantly  single  family  residential  area  with 
wide  streets  would  be  cleared  by  dozing  the  debris  aside.  Clearing  debris 
from  a  narrow  street  in  the  downtown  area  of  a  large  city  would  require  a  load 
and  haul  operation.  Deep  debris  in  a  wide  street  might  best  be  moved  by  a 
combination  of  methods. 

Decision  as  to  the  most  appropriate  type  of  operation  will  rest  with 
the  manager  in  charge  of  debris  clearing  operations.  He  must  consider  not 
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only  the  above  factors  but  also  the  type  and  mechanical  limitations  of  avail¬ 
able  resources . 

Since  the  type  of  operation  is  essential  in  selecting  the  kind  of  major 
equipment  for  clearing  debris,  an  evaluation  is  needed  for  pre-attack  planning 
purposes  as  well  as  post-attack  analysis. 

Figure  2 . 2  identifies  type  of  operation  with  different  route  widths  (see 
paragraph  2.4.2).  The  manager  can  indicate  the  most  appropriate  type  of  oper¬ 
ation.  His  choice  Is  listed  by  code  number  from  Figure  2.2  for  Parameter  C. 
Corresponding  route  width;  20,  30  or  50  feet.  Is  noted  for  D-2. 

Certain  guidelines  may  be  helpful  in  the  use  of  Figure  2.2.  Actual 
street  width,  D-3,  will  limit  width  of  route  to  be  cleared  and  will  to  a  certain 
extent  indicate  the  possibility  of  either  dozing  debris  aside  or  the  necessity 
of  hauling  debris  from  the  clearing  path. 

As  a  general  rule,  dozers  will  be  used  wherever  possible,  particularly 
when  debris  is  shallow  and  where  there  is  room  to  windrow  the  dozed  material. 
Load  and  haul  operations  may  be  required  when  debris  is  of  appreciable  depth 
or  has  to  be  moved  for  some  distance. 

2.4  QUANTITY  OF  DEBRIS 

Time  and  equipment  requirements  for  completing  a  task  require  esti¬ 
mates  of  the  quantity  of  debris  to  be  handled.  Quantity  (Parameter  D-5)  in 
this  study,  Is  defined  in  units  of  1,000  cubic  yards,  based  on  average  depth 
and  length  and  width  of  route  as  explained  below. 

2.4.1  Length  of  Route 

The  length  of  a  route  (Parameter  D-4)  to  be  cleared  can  be  estimated 
from  the  overall  damage  assessed  and  determination  of  the  clearing  objectives. 
In  a  moderate  size  city,  there  would  probably  be  few  or  no  tasks  requiring  a 
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Figure  2. 2 
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clearing  route  In  excess  of  two  miles.  In  a  larger  city,  route  lengths  of  three 
to  five  miles  may  be  common. 

Estimates  of  route  lengths  can  be  made  during  pre-attack  planning. 
This  would  entail  analysis  of  debris  predictions,  the  evaluation  of  potential 
objectives,  and  determinations  of  most  feasible  or  likely  routes  to  be  used  in 
accomplishing  or  reaching  those  objectives.  Each  area  would  have  different 
requirements.  The  best  route  may  not  be  the  shortest.  A  one-mile  path 
through  a  heavily  built-up  section,  with  narrow  streets,  could  require  more 
effort  and  time  than  a  more  circuitous  two-mile  path  through  a  less  dense  area 
to  the  same  objective.  If  both  paths  would  achieve  the  same  objective,  the 
longer  route  probably  would  be  specified. 

Length  of  routes  are  defined  in  this  study  in  units  of  1,000  feet. 

2.4.2  Width  of  Route 

The  width  of  route  (Parameter  D-2)  can  be  related  to  the  prime  objec¬ 
tive  of  clearing  task.  Rescue  operations  for  small  groups  would  require  the 
minimum  width  necessary  for  the  passage  of  emergency  vehicles  or  apparatus. 
A  major  group  or  facility  evacuation  route  should  be  as  wide  as  possible. 
Access  needed  for  restoration  of  essential  facilities  would  require  provisions 
for  two-way  traffic  of  heavy  vehicles.  Widths  of  routes  also  relate  to  mini¬ 
mum  working  space  requirements  of  equipment  used  in  debris  clearing. 

Considering  these  factors,  width  of  routes  to  be  cleared  for  all  Civil 
Defense  operations  will  be  specified  as  follows; 

Route 

Objective  Width -Ft. 

Emergency  rescue  20 

Access  to  essential  facilities  30 
Evacuation  routes  50 
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During  operations,  the  route  length  and  width  may  vary  from  predetennined 
dimensions,  as  an  equipment  operator  will  follow  the  path  of  least  resistance 
presented  by  the  debris.  The  above  Indicated  average  measures  of  length  and 
width  would  appear  to  provide  a  reasonable  basis  for  estimating  total  quantity 
of  debris  and  assignment  of  resources. 

The  width  of  route  is  indicated  by  Parameter  C  (type  of  operation)  as 
either  20,  30  or  50  feet,  and  is  shown  on  Figure  2.1  as  Parameter  D-2.  The 
length  of  route,  expressed  in  units  of  1,000  feet  is  noted  under  Parameter  D-4. 

Average  Depth  and  Quantity 

Average  debris  depth  is  discussed  in  Section  4.  The  average  depth, 
expressed  in  feet,  Is  entered  as  Parameter  D-1.  Having  determined  the  width, 
average  depth  and  route  length,  it  is  possible  to  calculate  total  debris  quan¬ 
tity  to  be  handled  in  completing  a  task. 

Most  equipment  production  is  rated  In  cubic  yards  per  hour.  Quantity 
of  debris,  therefore.  Is  expressed  In  cubic  yards.  Figure  2.3  shows  quanti¬ 
ties  of  debris  in  terms  of  thousands  of  cubic  yards  per  1,000  foot  of  route 
length,  depending  on  width  of  route,  and  average  depth  of  debris. 

Volume  of  debris  In  thousands  of  cubic  yards  for  each  task  (Parameter 
D-S)  can  be  obtained  by  multiplying  the  volume  per  1,000  feet  of  route  from 
Figure  2.3  by  route  length  in  thousands  of  feet  (Parameter  D-4). 

Time  for  Completion  and  Priority 

Emergency  clearing  operations  must  be  completed  in  a  specified  time 
for  achieving  the  objectives.  Permissible  time  for  completion  depends  on 

survival  requirements,  which  In  turn  relate  to  attack  conditions  and  resulting 
environments. 
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VOLUME  OF  DEBRIS 
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20 
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V=  .037  (dw+d2) 

where:  V=  Volume  In  1000  cu.yd,/l,000  ft,  of  route, 
d  =  average  debris  depth  In  feet 
w  =  route  width  in  feet. 


Figure  2.3 
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The  actual  time  required  for  completing  a  task  will  have  to  be  desig¬ 
nated  by  the  debris  manager  (In  consultation  with  other  related  emergency 
groups)  after  he  has  assessed  the  overall  damage,  the  resource,  and  speci¬ 
fic  situation  or  effect  of  the  attack. 

Although  all  tasks  should  be  completed  In  the  shortest  possible  time, 
the  manager  will,  to  a  certain  extent,  be  able  to  assign  time  Intervals  on  the 
basis  of  priority.  Priorities  (Parameter  are  discussed  In  detail  in  Section 
6.  Generally  speaking,  tasks  related  to  emergency  rescue  and  fire  fighting 
will  be  given  top  priority.  Access  to  some  essential  facilities  may  not  need 
to  be  completed  for  several  days  after  shelter  emergence. 

The  allowable  time  interval  will  be  Indicated  for  Parameter  E  In  terms 
of  hours.  Clearing  operations  will  be  conducted  on  a  24 -hour-day  basis  and 
production  is  measured  on  an  hourly  basis.  Parameter  E  Indicates  time  avail¬ 
able  for  completing  a  task  In  hours.  It  serves  two  purposes: 

1.  Those  tasks  with  least  allowable  time  for  completion 
will  be  given  high  priority  with  respect  to  allocation 
of  available  resources. 

2.  Attack  evaluations  may  show  that  with  available  re¬ 
sources,  a  particular  task  cannot  be  completed  with¬ 
in  the  specified  time.  Under  such  conditions,  the 
manager  may  need  to  divert  his  resources  to  other  tasks. 

2.5  DIVISION  OF  TASKS 

Defining  clearing  tasks  by  six  parameters  provides  a  common  method 
by  which  all  tasks  for  any  area  can  be  listed  and  evaluated  for  pre-attack 
planning  and  post-attack  implementation.  Values,  or  codes,  assigned  to 
each  parameter  will  reflect  as  nearly  as  possible,  the  actual  environment  and 
corresponding  resource  requirements.  In  many  instances.  It  may  be  found 
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SECTION  3 

EQUIPMENT  PRODUCTIVTTY 


3.1  INTRODUCTION 

Many  variations  of  a  few  types  of  available  construction  equipment 
can  be  used  for  debris  removal.  Each  general  type,  such  as  "bulldozer",  in¬ 
cludes  many  different  makes  and  models  each  of  which,  within  a  size  range, 
would  have  similar  operating  characteristics  and  performance  capablUtles. 

It  is  unUkely  that  each  and  every  make  or  model  could  be  assessed,  indivi¬ 
dually,  in  pre-attack  planning  or  in  the  post-attack  period. 

A  table  classifying  typical  equipment  by  type  and  horsepower  or  capa¬ 
city  has  been  prepared  and  is  shown  on  Figure  3.1,  A  numeric  code  is  used 
to  identify  specific  units  of  equipment  for  subsequent  determinations.  For 
example,  code  "280"  signifies  a  crawler  type  bulldozer  of  up  to  150  HP  rating. 
Codes  are  similar  to  those  used  in  "Plan  Bulldozer". 

Classes  of  equipment  are  also  indicated  as  either  major  or  minor.  Ma¬ 
jor  equipment  is  dozers,  shovels,  loaders  and  motor  graders.  All  other  is 
"minor"  equipment.  Primary  consideration  of  debris  removal  will  be  based  on 
capacity  or  production  of  major  equipment. 

Minor  equipment  indicates  auxiliary  equipment  necessary  for  certain 
operations.  For  Instance,  dump  trucks  are  needed  for  a  load  and  haul  opera¬ 
tion,  although  actual  production  will  be  based  on  the  capacity  of  the  major 
equipment  which  is  the  shovel  or  loader  being  used. 

Figure  3.1  shows  a  great  variety  of  equipment,  some  of  which  may 
not  be  adaptable  to  specific  debris  clearing  tasks,  nor  even  available  for 
consideration  in  a  particular  area.  A  variation  to  the  table  should  be  prepared 
to  reflect  local  conditions.  There  would  be  an  advantage  to  having  some 
standard  to  the  coding  as  under  attack  condition,  one  city  or  area  may  borrow 
resources  from  another. 
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3.2  STANDARD  PRODUCTION  RATES 

Production  rates,  or  rates  of  handling  typical  construction  materials 
such  as  rock,  gravel,  or  dirt  have  been  determined  for  various  types  of  con¬ 
struction  equipment.  These  rates  vary  with  type  of  material,  characteristics 
of  equipment  being  used  and  job  conditions.  A  similar  evaluation  or  rating 
can  be  made  for  equipment  handling  debris.  Allowances  must  be  made  for  var¬ 
iations  of  the  physical  properties  of  debris  as  compared  to  those  of  a  common 
construction  material  such  as  "well-blasted  rock". 

The  table  on  Figure  3.2  lists  the  average  hourly  rate  of  handling  well- 
blasted  rock  for  types  of  major  equipment  listed  on  Figure  3.1,  which  are 
those  most  likely  to  be  used  as  major  tools  in  any  debris  removal  task.  The 
production  rate  is  shown  in  terms  of  loose  cubic  yards  per  hour  under  each 
equipment  code  classification. 

The  indicated  production  rates  are  based  on  working  at  depths  and  un¬ 
der  conditions  to  afford  maximum  production  efficiency  for  the  type  of  equip¬ 
ment.  They  are  based  on  a  SO-minute  working  hour.  These  production  rates 
are  referred  to  as  "standard  production".  They  assume  that  supporting  equip¬ 
ment  and  supplies  are  provided  and  this  is  discussed  in  Section  S. 

3.3  PHYSICAL  PROPERTIES  EFFECT  ON  PRODUCTION 

The  physical  properties  of  debris,  which  must  be  considered  in  adjust¬ 
ing  standard  production  by  a  single  piece  of  equipment,  are: 

1.  Maximum  Size 

2.  Maximum  Depth 

3.  Structural  Inclusions  or  Content  (including  trees  and  poles) 

4 .  Average  Depth 

5.  Traffic  Content  (damaged  vehicles) 
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Necessary  adjustments  are  expressed  as  a  percentage  of  standard  pro¬ 
duction.  They  are  made  by  evaluating  the  relative  overall  effect  of  these  pro¬ 
perties  of  debris  with  corresponding  properties  of  well-blasted  rock.  The  ef¬ 
fect  of  variables  on  standard  production  differs  with  each  type  of  equipment. 

Section  4  of  Reference  1  shows  basic  adjustments  of  standard  produc¬ 
tion  to  be  made  to  reflect  the  different  debris  properties.  Those  adjustments 
have  been  revised  In  accordance  with  new  debris  designations  and  require¬ 
ments  as  set  forth  In  this  report  and  combined  Into  one  composite  factor  as 
shown  in  Hgure  3.3. 

The  three  equipment  types  shown  are  dozers,  front-end  loaders  and 
shovels.  Motor  graders  were  not  shown  as  they  can  be  used  as  prime  equip¬ 
ment  only  In  situations  where  their  production  will  be  fairly  optimum  or  close 
to  the  standard  production.  Such  tools  as  back  hoes  and  clamshells  are  not 
shown  as  their  main  use  will  be  in  spot  or  unusual  situations  where  production 
factors  would  have  little  meaning. 

The  current  analysis  showed  that  the  debris  designation  -  Parameter  A  - 
(described  in  the  first  two  sections  of  this  report)  reflects  all  of  the  physical 
characteristics  of  debris  for  averaging  except  "traffic  content"  or  Parameter  B. 
The  type  (Parameter  A)  does  reflect  differences  in  debris  size,  depth,  varia¬ 
tions  in  depth  and  structural  inclusions. 

As  a  result.  Figure  3.3  gives  9  adjustment  factors  for  each  of  the  16 
debris  types.  There  are  3  each  for  the  three  equipment  types  to  provide  a 
factor  for  each  of  the  three  values  of  Parameter  B. 

The  combined  factor  may  be  used  as  in  the  following  example.  A 
clearing  task  requires  the  removal  of  debris  type  (Parameter  A)  3-4.  There 
was  a  moderate  amount  of  traffic,  so  Parameter  B  is  2.  The  available  resource 
is  a  350  HP  crawler  bulldozer  -  Code  284  (Hg.  3.1).  Its  standard  production 
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COMPOSITE  ADJUSTMENT  FACTORS 
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from  Figure  3.2  is  330  cu.yd,/lir.  From  Figure  3.3  the  factor  for  dozers  in 
3-4  debris  with  type  2  Inclusions  Is  0.57.  Production  of  this  bulldozer  will 
be  330  X  0.57  =  188.1  or  188  cu.yd./br. 

A  rather  convenient  way  to  use  these  factors  is  shown  in  Figure  8. 1 
and  discussed  in  Section  8  of  this  report. 

3.4  MULTIPLE  UNIT  PRODUCTION  FACTORS 

The  adjustment  factors,  previously  discussed,  reflect  the  use  of  a 
single  unit  of  major  equipment  with  no  restrictions  from  limited  working  space 
due  to  width  of  clearing  route,  etc.  They  do  not  allow  for  the  fact  that  many 
clearing  tasks  will  be  accomplished  by  using  several  units  or  a  combination 
of  different  types  of  equipment  working  as  a  group. 

These  two  conditions  of  space  and  multiple  equipment  use,  impose  ad¬ 
ditional  limitations  on  the  anticipated  hourly  production  rates,  A  shovel  or 
loader  cannot  work  efficiently  unless  there  is  sufficient  room  to  turn  and  load 
the  hauling  vehicles.  Two  bulldozers  working  side  by  side,  in  a  restricted 
area,  cannot  obtain  double  the  maximum  production  of  a  single  unit,  due  to 
interference  between  the  two  units . 

Figure  3.4  shows  a  table  of  factors  to  reflect  the  effect  of  these  space 
conditions  on  hourly  production.  In  the  example  in  paragraph  3.3,  the  ad¬ 
justed  hourly  production  rate  for  a  bulldozer.  Code  284,  has  been  determined 
to  be  188  cu.yd./hr.  Assuming  a  50-foot  wide  path  and  the  need  for  two 
units  the  total  production  for  the  pair  would  be  188  x  1.7  =  319.6  cu.yd.  Ar. 

It  would  not  be  376,  as  would  be  indicated  by  multiplying  188  by  2  units. 

Blanks  left  in  the  various  columns  of  the  table  show  that  it  would  not  be  prac¬ 
tical  to  use  the  multiple  number  of  the  indicated  units  for  that  particular  route 
width . 
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MBINATION  FACTORS 


Figure  3.4 


3.5  OTHER  EQUIPMENT 

Construction  equipment  for  any  job  requires  certain  support  equipment 
such  as  fuel  trucks,  tire  trucks,  and  sometimes  air  compressors,  with  paving 
breakers  or  drills.  Sometimes  cutting  torches,  or  chain  saws  may  be  needed. 
Nearly  always,  small  hand  tools  such  as  shovels,  wheelbarrows,  crow  bars, 
sledgehammers,  axes,  and  safety  equipment  as  hard  hats,  raincoats  and 
boots  will  be  required.  These  supporting  resources  are  required  to  achieve 
the  production  rates  discussed  above.  When  all  of  these  are  put  together, 
they  normally  are  called  an  "equipment  spread"  or  in  this  study,  a  "group". 
These  groups  are  defined  in  Section  8  of  the  report.  Generally  speaking,  the 
production  capability  of  a  group  is  related  directly  to  the  adjusted  capability 
of  either  the  single  or  multiple  principal  major  equipment  units  of  the  group 
as  described  in  this  section. 
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SECTION  4 


DEBRIS  ENVIRONMENT 


4.1  INTRODUCTION 

Debris  environment,  as  used  in  this  section,  relates  to  the  physical 
composition,  depth  and  overall  configuration  of  debris  which  may  be  antici¬ 
pated,  or  actually  encountered  during  post-attack  clearing  operations.  Since 
most  operations  will  be  directed  toward  the  clearing  of  streets  and  thorough¬ 
fares,  the  debris  in  the  streets  or  "off-site”  debris  is  that  which  is  considered. 

Although  various  research  studies  have  defined  debris  environments  ex¬ 
pected  in  certain  areas  due  to  different  attack  conditions,  it  would  be  unreal¬ 
istic  to  expect  that  any  pre-attack  determinations  would  accurately  predict 
actual  conditions.  This  is  due  primarily  to  the  uncertainty  of  the  size,  loca¬ 
tion  and  height  of  detonation.  Previous  studies  do,  however,  provide  a  basis 
for  making  general  approximations  of  the  potential  debris  environments. 

Post-attack  visual  reconnaissance  of  the  damaged  area  will  provide 
the  most  reliable  appraisal.  It  would  Include  the  compilation  of  various  dam¬ 
age  assessments,  reported  to  a  central  control  center,  from  different  areas  or 
zones  within  the  attack  perimeter.  This  information  will  permit  an  overall 
evaluation  of  the  actual  environment;  probably  in  terms  of  light,  moderate  or 
severe  damage.  It  would  not,  however,  be  available  for  the  immediate  im¬ 
plementation  of  clearing  operations. 

Since  time  is  critical,  a  procedure  is  essential  to  use  common  meas¬ 
urements  of  debris  environment  for  relation  to  removal  resources  in  pre-attack 
and  post-attack  periods. 

4.2  DEBRIS  PREDICTION  SURVEY 

The  first  determination  in  the  planning  process  is  to  make  some  eval¬ 
uation  of  potential  debris  environments  resulting  from  possible  attack 


4-i 


conditions  in  the  planning  area.  Quantitative  evaluations  of  environments, 
usually  expressed  as  •'contours"  of  debris  depth,  have  been  made  in  other  re¬ 
search  studies  (Reference  7).  The  “contours"  generally  were  defined  by  the 
extrapolation  of  debris  conditions  as  determined  for  individual  structures. 

The  following  procedure  of  making  debris  predictions  for  pre-attack 
planning  purposes  was  arrived  at  after  review  and  consideration  of  the  method¬ 
ology  developed  in  previous  studies.  The  proposed  format  is  such  that  deter¬ 
minations  can  be  adjusted  readily  to  conform  to  actual  post-attack  reports  on 
real  conditions.  It  Includes  generalizations  and  assumptions  which  may  be 
verified  or  modified,  as  the  case  may  be,  by  continued  research.  The  pro¬ 
cedure  is  referred  to  as  a  "Debris  Prediction  Survey"  or,  for  brevity,  a 
"D.P.S.". 

Appropriate  zone  maps  will  be  needed  for  the  survey  area.  Zones 
should  reflect,  as  nearly  as  possible,  areas  within  which  a  uniform  debris 
environment  could  be  expected  due  to  similarity  of  buildings  and  area  config- 
irations.  In  some  cases,  local  planning  officials  may  choose  zones  already 
estabUshed  for  other  purposes,  such  as  fire  districts.  For  purposes  of  illus¬ 
tration,  an  area  zone  map  of  the  City  of  San  Francisco  is  shown  in  Figure  4.1. 

A  D.P.S.  sheet,  as  shown  in  Figure  4.2,  is  prepared  for  each  zone 
to  record  data  necessary  for  the  survey  and  ultimate  determinations.  The 
first  step  would  be  to  complete  input  data  A  through  H,  as  indicated  on  the 
upper  portion  of  the  D.P.S.  sheet.  These  data  reveal  average  existing  con¬ 
ditions  in  the  zone  and  can  be  obtained  from  visual  inspection  and  use  of 
available  Sanborn  (or  other)  maps,  building  records,  etc.  The  team  (probably 
two  men)  making  the  survey  should  be  cognizant  of  the  survey  requirements 
and  capable  of  identifying  types  of  building  construction  and  use. 

Data  for  the  D.P.S.  will  be  recorded  showing: 
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Figure  4 


Item  A.  Bloclc  Size  -  Average  block  ilae  within  the  zone 
Is  recorded  firom  among  the  following  six  block 


sizes: 

100  ft.  X  300  ft. 

200  ft.  X  200  ft. 

200  ft.  X  300  ft. 

300  ft.  X  300  ft. 

300  ft.  x400  ft. 

400  ft.  x400  ft. 

For  different  or  unusual  shaped  blocks,  the  choice 
would  usually  be  of  one  with  the  closest  total  area . 

Item  B.  Street  Width  -  Width  of  street  is  the  average  dis¬ 
tance  between  faces  of  buildings,  including  side¬ 
walk  areas.  Widths  from  30  to  120  feet  are  to  be 
used  in  Increments  of  10  feet. 

Item  C.  ^tiding  Coverage  -  A  determination  is  made  of  the 
percentage  of  block  areas  that  are  occupied  by 
buildings.  In  many  cases,  this  will  be  an  estimate 
by  the  surveying  group.  In  a  residential  area, 
buildings  may  occupy  only  20  to  40%  of  the  total 
block  area.  The  percentage  in  commercial  areas 
may  approach  100%. 

Item  D.  Average  Building  Height  -  Average  height  is  the 
average  of  all  buildings  within  the  zone.  An  ex¬ 
ceptionally  tall,  isolated  building  should  not  be 
averaged,  but  should  be  noted  under  "comments" 
on  the  D.P.S.  sheet. 
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Building  Tvm  -  Building  typ*  raflgcti  tha  pradomlnant 
typa  of  building  conatruction  and  ia  racordad  by  num- 
bar.  The  tabla  on  Flgura  4.3  llata  20  building  typaa 
conaldered  in  thla  atudy.  Thay  ara  aaaantlally  tha 
aame  aa  aet  forth  in  Rafaranca  2. 

I' •  Building  Uaa  •  Typical  uaa  of  moat  bulldlnga  ia  indi- 
catad  aa  realdantlal  (R),  commarclal  (C),  orlnduatrlal 
0). 

G.  Traaa  and  Polaa  -  Indication  ia  made  of  alaa  and  number 
of  treea  or  utility  polaa  adjacent  to  straeta  and  which 
could  contribute  to  "off-alte»  debtla.  Thla  input  will 
be  a  relative  evaluation  daalgnatad  aa  "none",  "medium" 
or  "heavy". 

Item  H.  Samm^ntf  -  Any  predominant  factora  or  phyalcal  featurea 
that  could  affect  clearing  operatlona  are  noted.  Theae 
could  Include  an  exceptionally  high  or  maaaive  building; 
a  large  number  of  metal  standarda  and  aigna;  and  possibly 
an  evaluation  of  potential  traffic  conditions  to  be  ex¬ 
pected  during  different  hours  of  the  day. 

If  a  zone  does  not  lend  itself  to  "avM'aglng"  as  indicated  above,  it 
may  be  necessary  to  divide  the  zone  Into  smaller  increments  and  a  new 
D.P.S.  sheet  prepared. 

With  the  above  data  provided  for  each  zone,  it  is  then  possible  to 
make  a  determination  of  possible  debris  environments  which  might  be  ex¬ 
pected  within  the  zone  due  to  various  attack  conditions.  The  proposed  pro¬ 
cedure  and  necessary  calculations  to  make  such  a  determination  are  des¬ 
cribed  in  the  following  paragraphs. 
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4.3  BUILDING  AND  CONTENT  DEBRIS 

The  piinelpal  eource  of  debris  will  be  from  the  buildings,  and  their 
contents ,  that  are  either  totally  or  partially  damaged  by  the  attack .  Sources , 
from  outside  the  buildings,  such  as  trees,  utility  poles,  automobiles,  etc., 
are  considered  later.  The  type  and  quantity  of  debris  generated  from  buildings 
Is  dependent  on  the  following: 

1.  Size,  or  contained  volume  of  the  building. 

2.  Type  of  building  construction. 

3.  Principal  use  of  the  building. 

4.  Attack  conditions. 

Other  factors,  such  as  direction  of  the  blast  wave  and  shielding  effect  v 
of  other  buildings  probably  could  be  considered  In  making  a  detailed  debris 
analysis  of  an  area.  Consideration  of  the  above  listed  factors  Is  believed  to 
be  sufficient  to  give  a  realistic  "first  approximation"  of  actual  debris  type 
and  quantity. 

Previous  research  rcudies  have  determined  quantitative  values  for  the 
various  factors  to  be  considered.  They  are: 

1 .  Factors  are  given  for  determining  quantity  of  structural 
materials  within  a  building  which  would  form  debris . 

The  factors  are  expressed  as  a  percentage  of  the  total 
contained  volume  of  a  building  and  vary  according  to 
type  of  construction  (20  types  on  Figure  4.3  previously 
mentioned) .  (Reference  3) 

2.  Factors  are  given  to  determine  the  material  volume  of 
building  contents  such  as:  desks;  cabinets;  furniture; 
etc. ,  which  would  contribute  to  debris.  These  factors 
are  based  on  the  floor  area  or  size  of  the  building  and 
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the  prtmary  uie  of  the  building  such  as:  residential; 
commercial:  or  industrial.  (Reference  3) 

3.  Factors  show  the  percentage  of  total  structural  or  con¬ 
tent  material  that  would  be  converted  Into  "debris''  as 
a  result  of  various  attack  conditions.  (Reference  2) 

4.  Factors  are  given  for  the  amount  of  total  debris  that 
would  remain  on -site  and  the  amount  that  would  be 
thrown  off -site.  (Reference  4) 

The  above  factors  have  been  developed  for  both  "blast  only"  and 
"blast  and  fire"  conditions. 

4.4  EQUIVALENT  BUILDING  STRIP  ftNPUT  I  -  HGURE  4.21 

Off-slte  debris  Is  related  directly  to  the  type  and  use  of  buildings 
that  front  on  the  street  and  the  contained  volume  or  size  of  such  buildings. 
The  type,  use  and  average  height  of  the  buildings  within  a  zone  will  have 
been  determined  and  noted  on  the  D.P.S.  sheet.  It  is  also  necessary  to 
know  the  building's  length  and  width  to  determine  Its  contained  volume. 

The  length,  as  measured  along  the  street  frontage,  is  taken  as  one  foot  for 
these  calculations.  The  width  (or  depth)  of  the  building  is  the  average  width 
of  a  hypothetical  building  of  uniform  width  along  the  total  street  firontages  of 
the  block.  It  is  determined  from  the  ratio  of  actual  building  coverage  In  the 
block  to  the  total  area  of  the  block. 

This  building  width  Is  termed  the  "Equivalent  Building  Strip"  (or 
E.B.S.).  It  Indicates  the  average  width  of  a  hypothetical  building  which 
would  contribute  the  same  amount  of  debris  to  the  street  as  would  all  of  the 
actual  buildings  in  the  block.  As  an  example,  assume  a  300*  x  300'  block, 
or  one  of  90,000  square  feet  total  area.  The  actual  building  coverage  is  30% 
of  the  total  block  area,  or  approximately  27, 000  sq.ft.  A  hypothetical  building 
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around  tha  1,200  feet  perimeter  of  the  block  with  a  width,  or  E.B.8. ,  of  25 
feet,  would  approximate  the  total  actual  coverage  of  all  bulldlnga  In  the 

block. 

Figure  4.4  gives  the  E.B.S.  for  the  six  block  sizes  considered  In 
this  study  as  determined  by  different  percentage  of  building  coverage.  By 
using  data  Inputs  A  (block  site)  and  C  (building  coverage)  from  the  D.P.S. 
sheet,  an  E.B.S.  factor  can  be  determined  for  Input  "I"  (E.B.S.)  and  noted 
accordingly  on  the  D.P.S.  sheet. 

4.5  CONTAINED  VOLUME  flNfUT  T  -  HGURE  4.2) 

The  contained  volume  of  buildings  which  would  contribute  debris  to 
the  streets,  can  be  determined  by  multiplying  the  average  building  height 
Cnput  D)  by  the  E.B.S.  Since  length  of  the  building  along  the  route  Is  con¬ 
sidered  as  one  foot,  the  volume  Is  expressed  as  cubic  feet  per  Uneal  foot. 

4.6  MATERIAL  FACTORS  QNPyT  K  -  CTGURE  4.2) 

The  amount  of  debris  generated  is  a  function  of  actual  quantities  of 
material  used  In  building  construction  plus  the  material  In  the  contents  of 
the  building.  Other  studies  show  the  quantity  of  structural  material  in  a 
building  as  a  percentage  of  the  total  contained  volume  of  the  building.  This 
percentage  varies  with  different  types  of  construction.  Studies  also  have 
been  made  which  indicate  the  material  volume  of  typical  building  contents 
as  a  percentage  of  the  size,  or  contained  volume,  of  the  building.  These 
factors  vary  with  the  primary  use  of  the  building,  such  as  residential,  office, 
etc.  Examples  of  the  structural  and  content  factors  are  given  In  References. 
That  study  designates  factors  for  these  variables  for  both  “blast  only"  and 
"blast  and  fire"  conditions. 
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EQUIVALENT  BUILDING  STRIP 
(E.B.S.) 


%  of  Bldg. 
Coveraoe 

SIZE  OF  BLOCK  —  FEET 

300  by 
100 

200  by 
200 

300  by 
200 

300  by 
300 

300  by 
400 

400  by 
400 

10 

4 

5 

6 

6 

9 

11 

20 

8 

11 

13 

16 

18 

21 

30 

12 

16 

20 

25 

28 

33 

40 

16 

23 

27 

34 

39 

45 

so 

21 

30 

35 

44 

50 

59 

60 

26 

37 

44 

55 

63 

73 

70 

30 

46 

54 

68 

77 

90 

80 

37 

56 

65 

84 

94 

no 

90 

43 

68 

79 

103 

115 

136 

100 

50 

100 

100 

ISO 

150 

200 

E.B.S. 

Where  L 
W 
C 


=  (L  X  -  fLwd-cn 

2 

=  Length  of  Block,  Ft. 

=  Width  of  Block.  Ft. 

=  Percentage  of  block  covered  by  buildings 

(Expressed  as  a  decimal) 


Figure  4.4 
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Multiplying  the  contslned  volume  by  the  approprlite  faotort  will  give 
an  approximation  of  total  quantity  of  material  which  oould  form  debris  under 
different  attack  conditions. 

This  study  has  combined  and  related  the  various  factors  to  20  typical 
building  types  on  the  basis  of  predominant  use.  The  structural  factors  are 
based  on  those  given  in  Reference  3.  Equivalent  content  factors  were  derived 
to  approximate  the  different  mixes  of  building  types  and  uses  which  might  be 
expected  in  an  urban  area.  All  factors  ware  adjusted  so  that  they  could  be 
applied  to  the  contained  volume  of  the  buildings. 

The  sum  of  the  structural  and  content  factors,  expressed  as  a  percent¬ 
age  of  the  contained  volume.  Indicates  the  quantity  of  material  (solid  measure) 
within  the  buildings  which  would  contribute  to  the  formation  of  debris.  To 
conver.".  this  quantity  of  material  to  equivalent  volumes  of  potential  debris, 
a  factor  of  2  is  used.  This  is  based  on  an  estimated  average  void  ratio  for 
debris  of  1:1.  The  table  on  ngure  4.5  Is  a  list  of  debris  factors  determined 
for  different  uses  of  the  20  typical  buildings.  It  lists  factors  for  both  "blast 
only"  and  "blast  and  fire"  conditions.  Some  of  the  listed  building  types 
probably  would  not  be  used  for  all  three  of  the  indicated  occupancies,  there¬ 
fore,  no  factor  Is  given  for  those  improbably  occupancies.  All  factors  In 
Table  4.5  have  been  adjusted  for  the  debris  void  ratio  of  1:1. 

Knowing  the  building  type  Cnput  Q  and  use  (Input  F) ,  the  debris 
factors  can  be  obtained  from  the  table  ard  noted  on  the  D.P.S.  sheet  as 
Input  K.  Separate  factors  will  be  noted  for  each  condition  -  "blast  only  (B)" 
or  "blast  and  fire  (B  &  F)". 

4.7  POTENTIAL  DEBRIS  MATERIAL  (INPUT  L  -  nCURE  4.21 

The  quantity  of  building  and  content  material,  which  could  generate 
debris  under  various  attack  conditions,  is  obtained  by  multiplying  the 
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Figure  4.5 
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contained  volume  of  the  building  by  the  debrli  factors  from  Figure  4.5.  Since 
the  contained  volume  Is  that  of  a  hypothetical  building.  In  one  foot  of  route 
length,  the  volume  of  potential  debris  material,  so  obtained.  Is  expressed 
In  cubic  feet  per  lineal  foot  of  route  and  recorded  as  Input  L.  Two  entries 
are  made.  One  is  for  the  condition  of  "blast"  and  the  other  for  "blast  and 
fire". 

4.8  AVERAGE  DEPTH  FACTORS  (INPUT  M  AND  N  -  nOURE  4.2) 

The  method  above  provides  a  means  to  estimate  the  total  volume  of 
debris  from  destruction  of  buildings  of  known  volume,  type  and  use.  Quan¬ 
tities  would  depend  on  attack  conditions.  The  debris  would  be  distributed  in 
varying  depths  over  areas  including:  the  building  site;  adjoining  block;  front¬ 
age  street  areas;  and  possibly  portions  of  adjacent  side  streets.  It  is  impos¬ 
sible  to  predict  details  of  the  del^s  distribution. 

The  average  depth  is  required  in  evaluating  clearing  operations.  It  is 
used  in  determining  the  total  quantity  of  debris  and  in  equipment  selection 
and  productivity  estimates .  The  table  on  Figure  4 . 6  lists  "average  depth 
factors"  for  the  specific  block  size  (Input  A)  and  street  width  (Input  B),  and 
are  noted  (as  Input  M).  Discussion  in  4.10  explains  how  this  factor  is  mul¬ 
tiplied  by  off-site  debris  volume  to  give  an  average  depth  estimate. 

Maximum  depth  also  needs  to  be  estimated.  A  means  to  estimate  this 
is  described  in  4.10  and  requires  a  ratio  of  building  height  (Input  D)  to  street 
width  (Input  B)  and  this  ratio  (D/B)  is  inserted  as  Input  N  on  the  D.P.S. 
sheet. 


4.9  PREDICTING  DEBRIS  ENVIRONMENTS 

The  various  zone  characteristics  and  factors,  previously  discussed, 
show  pre-attack  conditions,  ascertained  from  visual  Inspection,  use  of 


4-14 


AVERAGE  DEPTH  FACTOR 


HIIM 

KI'I'liTS 

Hsi'Ji'lim 

■mcH 

■RililH 

30 

.026 

.020 

.023 

.021 

.023 

.021 

40 

.019 

.015 

.017 

.015 

.017 

.016 

so 

.015 

.011 

.013 

.012 

.013 

.012 

60 

.012 

.009 

.011 

.010 

.011 

.010 

70 

.010 

.008 

.009 

.008 

.009 

.009 

80 

.009 

.007 

.008 

.007 

.008 

.007 

90 

.008 

.006 

.007 

.006 

.007 

.006 

100 

.007 

.005 

.006 

.005 

.0J6 

.006 

110 

.006 

.004 

.005 

.005 

.006 

.005 

120 

.005 

.004 

.005 

.004 

.005 

.005 

Figure  4.6 


4-lS 


available  debris  generation  data,  city  maps,  or  other  similar  data  or  processes. 

The  next  determination  to  be  made  is  the  potential  debris  environment 
which  might  be  anticipated  in  a  zone  as  a  result  of  different  attack  conditions. 
The  following  indicates  how  this  can  be  done. 

The  numbered  columns  of  the  D.P.S.  sheet  are  used  for  guidance. 
Determinations  are  made  for  both  "blast  only"  and  "blast  and  fire"  conditions. 

Incident  overpressures,  to  which  an  area  or  zone  may  be  subjected, 
are  listed  in  Column  1.  The  range  of  overpressures  would  be  considered  lim¬ 
ited,  to  a  certain  extent,  by  the  particular  building  type  of  the  zone.  For  in¬ 
stance,  overpressures  above  5  or  6  psi  would  not  be  considered  foi  a  wood 
frame  building  since  total  destruction  occurs  at  a  somewhat  lesser  value. 

Column  2  denotes  the  degree  of  damage  corresponding  to  the  various 
overpressures  listed  in  Column  1.  This  evaluation  of  damage  is  shown  as 
light  (L),  moderate  (M),  or  severe  (S).  It  does  not  reveal  the  specific  struc¬ 
tural  damage  to  a  building  but  rather  the  approximate  level  of  destruction  by 
which  significant  quantities  of  debris  are  expected  to  be  generated. 

It  is  likely  that  initial  post-attack  reconnaissance  reports  will  be 
general  in  nature.  They  will  indicate,  probably,  only  a  relative  degree  of 
damage  which  may  suggest  quantities  of  debris.  If  a  "moderate"  damage 
report  was  received  from  a  particular  zone,  the  approximate  incident  over¬ 
pressure  experienced  in  the  zone  could  be  bracketed  by  the  range  of  moderate 
damage,  shown  in  Column  2.  For  subsequent  determinations,  the  highest 
overpressure  listed  in  the  "moderate  damage  range"  would  be  used.  (See 
discussion  of  zone  situations,  paragraph  4.12.) 

The  table  of  Figure  4.7  shows  the  relation  between  building  types. 
Incident  overpressures,  and  degree  of  damage.  The  range  of  damage  and  cor¬ 
responding  overpressures  were  derived  ftom  data  presented  in  other  studies 
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FIGURE  4.7 


and  were  adjusted  to  reflect  "damage"  as  related  to  debris  generation. 

The  same  overpressures  and  corresponding  damage  evaluations  are 
used  for  both  "blast  only"  and  "blast  and  fire"  conditions. 

4.10  OFFSITE  DEBRIS  FACTOR 

Input  L  (Fotentlal  Debris  Material)  Is  an  indication  of  the  total  vol¬ 
ume  of  debris  which  could  be  generated  from  typical  buildings.  The  actual 
quantity  will  depend  on  type  of  building  construction  and  the  attack  condi¬ 
tions.  A  portion  of  the  debris  will  remain  on-site,  the  remainder  will  be  tra- 
Jected  onto  adjoining  areas.  The  ultimate  quantity  and  distribution  depends 
primarily  on  the  incident  overpressure.  Considering  volume  generated  and 
its  distribution,  with  respect  to  the  20  different  building  types,  a  table  of 
off-slte  debris  factors  Is  given  in  Figure  4.8.  The  applicable  factor  for  the 
particular  type  of  building  and  incident  overpressure  is  obtained  from  the 
table  and  noted  In  Column  (3)  of  the  D.P.S.  sheet.  The  same  factor  is  used 
for  like  overpressures  under  both  conditions  of  blast  or  blast  and  fire.  The 
anticipated  volumes  of  off-slte  debris.  Column  (4),  is  obtained  by  multiplying 
Input  L  ("B",  or  "B  &  F"  as  the  case  may  be)  by  this  factor  and  noted  as 
cu.ft.  of  debris  per  lineal  foot  of  frontage. 

The  off-slte  debris  will  be  spread  over  the  adjacent  street  areas.  An 
indication  of  the  average  depth  is,  the  quantity  in  Column  4  multiplied  by 
average  depth  factor.  Input  M.  As  previously  discussed  (in  4,8)  this  factor 
allows  for  variations  In  total  area  over  which  the  debris  may  be  spread.  The 
product  is  noted  in  Column  5  as  feet  of  depth. 

The  actual  area  distribution  of  debris  could  vary  from  a  few  scattered 
pieces  to  large  piles  of  rubble  and  structural  members  several  tens  of  feet 
high.  Allowance  for  this  type  of  distribution  must  be  considered  in  the  evalua¬ 
tion  of  clearing  requirements.  It  entails  the  consideration  of  incident  over- 
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pressures,  height  and  size  of  buildings,  width  of  streets  and  direction  of  the 
blast  wave. 

It  would  be  Impossible  to  predict  exactly  how  the  debris  would  be 
distributed.  In  an  effort  to  make  some  evaluation,  the  following  general  as¬ 
sumptions  were  made  with  respect  to  maximum  variations  from  the  average 
depth  indicated  above: 

1.  The  greatest  variations  will  occur  at  relatively  low 
overpressures  in  areas  with  wide  adjoining  streets . 

2.  Variations  will  decrease  as  overpressures  increase 
and/or  as  width  of  streets  decrease. 

"Variations"  as  referred  to  above  can  be  expressed  as  a  ratio  of  maxi¬ 
mum  depth  to  average  depth.  The  table  on  Rgure  4.9  shows  ratios  of  maxi¬ 
mum  to  average  depth  for  different  ratios  of  building  height  to  street  width 
(Input  N)  and  variations  in  overpressures. 

These  are  relative  values  with  respect  to  quantities  and  average  depth 
of  debris.  A  ratio  of  6:1  in  an  area  where  average  depth  is  2  ft.  implies  oc¬ 
casional  piles  of  debris  approximately  12  ft.  deep.  The  same  ratio  in  areas 
with  average  depths  of  5  ft.  indicates  30  ft.  maximum  depth.  Using  Input  N, 
appropriate  ratios  can  be  listed  in  Column  6  for  the  different  overpressures 
considered.  Pressures  beyond  1:1  ratio  imply  levels  at  which  for  all  practical 
purposes,  uniform  distribution  occurs. 

4.11  DEBRIS  PROPERTIES 

The  physical  properties,  which  basically  define  type  of  debris  or  de¬ 
bris  environment  and  ultimately  clearing  tasks,  are: 

1.  Maximum  Size 

2.  Maximum  Depth 

3.  Structural  Content 
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4-21 


4.  Average  Depth 

5 .  Quantity  and  Area  Configuration 

The  D.P.S.  offers  a  means  by  which  properties  can  be  estimated  for 
various  zones  on  the  basis  of  assumed,  or  actual  attack  conditions.  Know¬ 
ing  the  approximate  average  depth,  it  is  possible  to  determine  total  quantity 
of  debris  to  be  handled  for  a  specific  task.  Multiplying  average  depth  by  the 
ratio  noted  in  Column  6  gives  an  indication  of  maximum  depth  which  is  shown 
in  Column  7.  Maximum  and  average  depths  and  total  quantity  basiOv>lly  de¬ 
fine  the  distribution  and  contours  of  debris  to  be  encountered  in  clearing  op¬ 
erations, 

^e  maximum  size  is  the  largest  size  of  debris  pieces,  excluding  large 
structural  components  such  as  beams,  girders,  etc.  It  varies  with  type  and 
use  of  building  and  degree  of  destruction.  Previous  research  studies  have 
given  descriptions  of  potential  debris.  These  descriptions  relate  primarily 
to  structural  failures  and  possible  mix  of  elements.  They  do  not  give  quan¬ 
titative  values.  It  is  necessary  that  at  least  a  general  approximation  of  max¬ 
imum  size  and  content  be  made  during  the  pre-attack  planning  process  since 
these  two  factors  are  essential  in  the  overall  evaluation  of  clearing  operations. 

The  table  of  Figure  4.10  shows  values  of  size  and  content  determined 
in  this  study.  The  designated  values  are  Intended  to  reflect  the  proportionate 
mix  of  building  and  content  materials  for  a  particular  building  type  and  use 
depending  on  incident  overpressure  or  degree  of  damage.  The  content  rating 
provides  a  measure  for  evaluation  of  difficulty,  as  might  be  experienced  in 
handling  the  debris  due  to  large  structural  inclusions  (see  discussion.  Sec¬ 
tion  1).  No  distinction  is  made  between  "blast  only"  and  "blast  and  fire" 
conditions,  although  such  a  refinement  may  be  desirable.  It  is  doubtful  that 
the  size  and/or  content  of  off-site  debris  would  be  materially  altered  due  to 
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Abbreviations:  S  =  Size  in  inches;  CC  =  Content  CocJe  (See  Section  1) . 

Figure  4.10 


fire  conditions.  Exceptions  would  be  debris  from  wood  structures  which  may 
be  consumed  by  fire  or  where  massive  buildings  adjacent  to  narrow  streets 
might  collapse  as  result  of  fire.  Values  from  the  table  of  Figure  4.10  are 
noted  in  Columns  8  and  9. 

Relative  quantity  and  size  of  trees  and  poles  which  may  be  contained 
in  the  debris  are  noted  in  Column  10.  This  indication  will  be  in  accordance 
with  discussions  in  paragraph  1.3  and  can  be  based  on  "comments"/  0nput 
H),  of  the  D.P.S.  sheet. 

The  predicted  debris  type  is  indicated  in  Column  11  and  is  determined 
by  relating  values  given  for  maximum  size,  depth  and  content  with  debris  de¬ 
signations  shown  in  Figure  1.1.  It  should  reflect  most  difficult  mix  as  in¬ 
dicated  by  the  given  values.  Figure  4.11  shows  a  completed  D.P.S.  sheet. 

The  debris  type  is  representative  of  the  "fixed"  physical  features  of 
a  zone  and  does  not  allow  for  possible  inclusion  of  damaged  vehicles.  Eval¬ 
uation  of  this  variable  factor  is  discussed  in  paragraph  1.3.  Although  com¬ 
ments  listed  on  the  D.P.S.  sheet  will  help  in  determining  this  factor,  it  is 
proposed  that  a  separate  tabulation  of  anticipated  traffic  conditions  be  pre¬ 
pared  for  the  various  zones.  Such  a  tabulation  is  shown  for  a  hypothetical 
situation  on  Figure  4.12.  This  tabulation  will  provide  values  for  Parameter  B, 
when  severity  (zone  situation)  and  time  of  attack  are  known  or  assumed. 
Severity  will  have  been  classed  for  the  zone  by  debris  management  by  a  code 
from  Figure  4.13  which  is  discussed  in  Reference  1  and  the  following  para¬ 
graphs  . 

4.12  EVALUATION  OF  ACTUAL  DEBRIS  ENVIRONMENTS 

The  D.P.S.  sheet  indicates  potential  debris  types  and  envirorunents 
which  might  be  expected  in  a  particular  zone  as  a  result  of  different  attack 
condition' .  The  environments  are  listed  in  accordance  with  the  two  direct 
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measures  of  the  intensity  of  a  nuclear  detonation  which  are  incident  over¬ 
pressures  and  fire  spread.  If  values  indicative  of  the  actual  attack  condi¬ 
tions  can  be  determined  for  these  two  factors,  then  it  would  be  possible  to 
identify  the  post-attack  environments  for  each  zone .  Both  factors  are  depen¬ 
dent  on; 

1.  Yield  of  weapon 

2.  Type  of  blast  (surface  or  air) 

3.  Geographic  location 

The  extent  of  the  fire  spread  also  is  dependent  on  building  types  and 
other  physical  features  of  the  particular  area. 

Other  research  studies  have  developed  criteria  for  measuring  the  ef¬ 
fects  or  extent  of  damage  caused  by  the  detonation  of  different  types  of  nuclear 
weapons.  Incident  overpressures  usually  are  indicated  by  isobars  of  pressure 
radiating  from  ground  zero.  Fire  spread  is  determined  for  specific  weapons 
and  area  configurations. 

Although  this  study  is  not  involved  in  any  aspect  of  weapon  evalua¬ 
tions,  it  is  assumed  that  it  would  be  possible  to  construct  typical  patterns  of 
damage  for  a  variety  of  detonations,  l.e. ,  a  5  megaton  surface  blast  or  a  20 
megaton  air  blast,  etc.  Individual  patterns  of  the  most  Ukely  weapons 
should  be  drawn  on  transparent  overlays  to  the  same  scale  as  used  for  area 
zone  maps.  See  Figure  4.14  as  an  example. 

Early  post-attack  reports  will  indicate  the  approximate  yield,  type 
and  location  of  the  blast.  The  appropriate  damage  pattern  overlay  will  be 
placed  over  the  area  zone  map  with  ground  zero  centered  at  approximate  lo¬ 
cation  given  by  the  reports.  Incident  overpressures  can  then  be  determined 
for  the  various  zones  by  identifying  corresponding  isobars  from  the  overlay. 

The  approximate  fire  spread  also  can  be  indicated .  Knowing  these  two  factors , 
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a  reasonable  determination  of  post-attack  environment  can  be  made  from  data 
contained  on  the  D.P.S.  sheet. 

Another  method  of  Identifying  the  actual  environment  would  be  by  use 
of  "zone  situations"  as  discussed  in  paragraph  5.3  of  Reference  1.  This 
would  require  individual  evaluations  of  overall  damage  experienced  in  each 
zone.  Damage  reports,  or  zone  situations,  would  indicate  the  degree  of  both 
blast  and  fire  damage  in  accordance  with  that  data  shown  on  Figure  4.13. 

A  zone  situation  of  2  (moderate  blast  damage)  could  be  related  to  dam¬ 
age  evaluations  given  in  Column  (2)  of  the  D.P.S.  sheet.  Situation  2  indi¬ 
cates  negUgible  fire  damage  so  the  environment  would  be  based  on  "blast 
only"  conditions. 

Both  methods  indicate  the  general  range  or  degree  of  damage  sustained 
by  the  attack.  The  most  difficult  environment  within  the  indicated  range 
would  be  used  in  initial  evaluations  of  clearing  operations.  If  necessary,  the 
environment  parameters  could  be  adjusted,  to  reflect  more  detailed  damage 
assessments  which  may  be  reported  subsequently. 

The  proposed  procedure  for  making  pre-attack  and  post-attack  evalua¬ 
tions  of  actual  debris  environments  entails  the  use  of  many  factors  which 
have  been  determined  in  other  research  studies.  If,  or  when,  more  appro¬ 
priate  values  for  these  factors  are  determined,  they  could  be  substituted  for 
values  used  without  changing  the  overall  concept.  A  general  appraisal  of  the 
proposed  D.P.S.  method  could  be  made  by  comparing  specific  area  environ¬ 
ments,  as  determined  herein,  with  environments  as  defined  for  the  same  areas 
in  other  research  studies. 
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SECTION  5 

AVAILABILITY  OF  REMAINING  RESOURCES 
5, 1  INTRODUCTION 

The  inventory  of  all  available  basic  resources  is  fundamental  to  the 
success  of  any  construction  job.  Debris  removal  is  a  form  of  construction 
job. 

The  principal  resources  are: 

1 .  Equipment 

2 .  Personnel 

3.  Fuel  and  Lubricants  (P.O.L.) 

4.  Repair  Parts 

5.  Equipment  Transport  Facilities. 

Debris  removal  resource  control  need  not  be  a  complicated  and  time- 
consuming  operation  with  large  masses  of  records.  The  availability  of  these 
resources  is  constantly  changing  in  any  area.  For  example,  operating  person¬ 
nel  for  this  type  of  work,  generally,  are  very  mobile  and  follow  construction 
activity  from  one  geographic  area  to  another.  Parts  and  P.O.L.  supplies, 
held  locally,  will  vary  with  types  of  current  jobs  and  the  level  of  construction 
activity  in  the  area.  Fortunately,  organizations  are  available  which  maintain 
records  of  such  things  as  labor  and  equipment  parts.  There  are  fewer  reliable 
sources  of  information  on  heavy  construction  equipment  census. 

The  procedures  outlined  in  this  section  are  directed  towards  a  very 
simple  but  reliable  utilization,  and  extension,  of  existing  information.  The 
inventory  must  be  in  such  a  form  that  it  can  be  used  to  collect  resources  at 
designated  areas  during  period  of  increased  readiness.  The  concept  and  use 
of  multipurpose  staging  areas  (MSA)  for  ultimate  deployment  of  resources  has 
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been  considered  in  other  emergency  plans.  How  it  relates  to  debris  removal 
resources  is  discussed  in  Section  7. 

5.2  EQUIPMENT  RESOURCES 

The  main  inventory  function  of  the  debris  removal  task  force  wdll  be  to 
control  key  equipment  elements.  An  Inventory  must  be  made  of  all  local,  and 
nearby,  sources  of  usable  equipment  in  the  key  categories.  This  equipment 
list  has  been  abbreviated  so  tiiat  it  can  be  maintained  reliably  with  minimum 
effort.  This  approach  will  lead  to  greater  accuracy  and  dependability  than 
would  result  from  an  effort  to  tabulate  and  control  every  type  of  equipment 
that  may  be  employed. 

An  Inventory  will  be  made  only  of  equipment  of  the  type  and  size  ranges 
essential  to  this  operation.  It  will  Include  only:  bulldozers;  shovels;  front- 
end  loaders;  motor  graders;  dump  trucks  and  low  bed  trucks  for  hauling  the 
equipment.  The  table  on  Figure  5.1  shows  this  selected  key  equipment,  clas¬ 
sified  and  coded  for  Inventory.  The  coding  follows  the  format  described  in 
Section  3  of  this  report. 

Figure  5. 2  shows  a  form  which  ■will  be  completed  at  each  source,  or 
storage  location,  of  the  equipment  shown  in  Figure  5.1. 

The  main  equipment  sources  will  be  contractors,  quarries,  utilities, 
government  agencies  (municipal,  county,  state  and  federal)  equipment  dealers 
(including  rental  companies),  and  nearby  mining  operations.  Each  source  will 
have  a  serial  number  for  their  location  or  storage  yard  or  Job  where  the  equip¬ 
ment  is  based.  The  serial  or  Identifying  number  is  entered  on  the  upper  right 
hand  comer  of  Form  5.2.  A  separate  Inventorv  will  be  made  for  each  equip¬ 
ment  base  or  storage  location,  even  though  the  same  owner  may  control  sev¬ 
eral  such  bases  and,  therefore,  be  shown  on  several  sheets. 
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priTTTPMF.NT  INVENTORY  CODE 


CAPACITY  OR 
HORSEPOWER 


0-150  HP 
151-200  HP 
201-250  HP 
251-300 
Over  300  HP 


CODE 


100-150 

HP  i 

151-200 

HP 

201-250 

HP 

251-300 

HP 

I  Over  300  HP 

100-150  HP 
151-200  HP 
201-250  HP 
251-360  HP 
Over  300  HP 


0.5  to  1.0  cu.  yd. 

1.1  to  1.5  cu.  yd. 
1.6  to  2.0  cu.  yd. 

2.1  to  3.0  cu.  yd. 
Over  3  cu.yd. 


To  10  cu.  yd. 

11  to  15  cu.  yd. 
16  to  20  cu.  yd. 


ngure  5.1 


SOURCE  OR  FIRM _ LOCATION  SERIAL  NO 


5 


Figure  5 


The  yard  equipment  locations  can  be  put  on  to  a  map  as  shown  on 
Figure  5.3.  This,  together  with  information  on  Figure  5,2  will  be  preliminary 
to  the  operation  of  putting  the  equipment,  in  the  geographic  zones,  into  work¬ 
ing  groups ,  which  is  explained  in  Section  8 .  A  map  similar  to  Figure  5 . 3  can 
be  used  as  a  guide  in  determining  most  feasible  MSA  locations  for  debris  re¬ 
moval  resources. 

At  completion  of  the  inventories,  a  master  summary  of  total  equipment 
resources  by  code  and  yard  serial  number  will  be  made  on  a  table  as  shown  in 
Figure  5.4.  A  total  for  all  zones  or  the  geographic  areas  for  the  City  will  be 
made.  Figure  5.5.  In  pre-event  planning  this  inventory  should  be  updated  at 
least  once  a  year  and  preferably  at  six  month  intervals.  During  periods  of 
Increased  readiness,  as  equipment  is  moved  to  MSA's,  the  inventory  sheets 
will  be  reworked.  After  an  attack,  or  other  event,  and  mobilization,  these 
inventories  will  be  adjusted  daily  to  show  effects  of  damage  to  or  isolation 
of  equipment  as  well  as  Inventory  reductions  due  to  assignment  of  resources 
to  tasks.  These  dally  adjustments  will  show  return  of  resources  to  inventory 
at  completion  of  task. 

In  the  upper  part  of  the  equipment  inventory  sheet  (Figure  5.4)  is  a 
space  for  "Zone  Situation".  This  will  be  filled  in  only  on  the  zone  sheets 
and  only  after  an  attack,  or  event,  except  that  in  a  pre-attack  planning  ex¬ 
ercise  an  assumed  value  may  be  inserted.  The  zone  situation  is  that  code 
for  severity  of  dynamic  or  fire  damage  from  Figure  4.13.  If  this  rating  is  3, 

6,  7,  8  or  9  it  should  be  assumed  that  the  resources  are  not  available  and 
those  units  on  that  Zone  Sheet  should  be  deleted  from  the  total  sheet  for  the 
whole  city.  If  a  field  reconnaissance  report  subsequently  indicated  that  all 
or  part  of  the  resources  did  survive  and  were  obtainable,  then  those  resources 
should  be  reinstated  in  the  summary. 
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EQUIPMENT  YARD  LOCATIONS. 


1  0  I  J  Eqoipmtnt  Yord  Striol  Number 


Figure  5 . 3 
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s 


Figure  5.4 


yiPMENT  inventory 
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Figure  5.5 


As  owner  serial  numbers  are  assigned,  they  will  be  entered  on  a  table 
showing  owner  and  yard  location  as  can  be  seen  on  Figure  5.6. 

5.3  PERSONNEL  RESOURCES 

Basically,  personnel  resource  requirements  can  be  divided  into  two 
categories.  They  are  management  and  operations. 

Management  category  would  include  supervisory,  clerical,  communi¬ 
cations,  public  relations,  fiscal  accounting,  inventory  control,  task  evalua¬ 
tion,  resource  assignment  and  Information  gathering  and  correlation  of  activi¬ 
ties  with  other  groups. 

Operations  would  include  field  management  of  tasks  and  that  personnel 
actually  required  to  get  the  Job  done  such  as  task  directors,  operators,  me¬ 
chanics  and  labor. 

5.3.1  Management 

It  should  be  assumed,  in  pre-attack,  or  event  planning  that  some 
governmental  management  groups  will  survive  and  be  able  to  take  command. 

On  the  other  hand,  it  must  be  planned  for  the  absence  of  such  control  as  a 
result  of  the  event. 

The  most  logical  non -governmental  sources  for  administration  of  a 
large  construction  oriented  project,  such  as  debris  removal,  would  be  the 
heavy  construction  or  mining  industry. 

It  would  be  desirable  to  have  on  hand  a  list  of  key  personnel  who 
could  be  a  cadre  for  implementation  of  the  debris  removal  program  in  the  event 
the  normal  community  direction  was  indisposed.  This  reserve  cadre  should 
be  knowledgeable  in  the  field  of  heavy  construction  and  hopefully  would  have 
some  pre-event  training  in  what  may  be  required  of  them.  In  this  kind  of 
situation  such  people  would  have  knowledge  of  and  access  to  the  availability 
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SERIAL  NUMBER  ASSIGNMENTS 
CITY: _  ZONE: _ 


Figure  5.6 
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of  personnel  with  some  experience  In  this  field  or  the  related  one  of  excava¬ 
tion. 

It  Is  suggested  that  a  cadre  of  key  management  personnel  be  listed 
with  significant  data  about  them  and  trained  before  an  event.  Perhaps  one 
such  person  per  200,000  population  of  an  area  should  be  recruited,  listed 
and  trained.  Sources  of  volunteers  for  such  training  are  several.  They 
Include: 

1.  The  Contractors  Association  -  The  AGC  (American  General 
Contractors) . 

2.  The  Civil  Engineers  Professional  Society  -  The  ASCE 
(American  Society  of  Civil  Engineers) . 

3.  The  Mining  Engineers'  Professional  Society  -  The  AIME 
(Society  of  Mining  Engineers  of  the  American  Society  of 
Mining,  Metallurgical  and  Petroleum  Engineers). 

Experienced  and  trained  management  personnel  would  be  able  to  re¬ 
cruit  and  train  or  direct  the  necessary  subordinate  personnel  required  to  get 
the  job  done. 

A  method  of  listing  the  cadre  of  alternates  for  management  is  shown 
on  Figure  5.7. 

5.3.2  Operations  Maintenance  and  Labor 

In  an  emergency,  labor  supply  is  not  a  real  problem.  In  most  cases, 
there  are  more  volunteers  than  there  are  jobs  to  be  done  in  the  unskilled 
category.  Trained  and  qualified  operator  personnel  could  be  in  short  supply 
in  the  early  stages  of  mobilization. 

Maintenance  personnel  will  be  slightly  less  critical  than  operator  per¬ 
sonnel  for  two  reasons.  Key  operator  personnel  can  perform  essential  main¬ 
tenance.  No  major  maintenance  is  envisioned  as  any  equipment  requiring 
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Figure  5.7 


repairs,  needing  more  than  a  few  hours,  more  than  likely  will  be  abandoned. 

Owners  of  equipment  and  union  headquarters  will  have  a  Ust  of  operat¬ 
ing  personnel  in  the  area.  Again,  as  in  management,  it  will  be  desirable  to 
have  a  source  for  a  cadre  of  qualified  equipment  operators  and  means  of  con¬ 
tacting  them  listed  prior  to  the  need.  This  group  should  be  contacted  and  pro¬ 
vided  information  on  the  plan  in  advance  of  need.  The  operators  provided 
must  be  skilled  in  operation  of  the  three  types  of  major  equipment  which  are 
most  critical,  and  they  are  dozers,  front-end  loaders  and  shovels.  Figure 
5.8  provides  a  means  to  list  the  sources  or  contacts. 

5-4  FUEL  AND  LUBRICANTS 

Initial  fuel  and  lubricants  may  be  supplied  from  the  equipment  owner 
or  construction  company's  facilities,  but  those  for  continuing  operation  will 
come  from  the  normal  commercial  distribution  channels  for  such  products .  In 
an  emergency  there  will  be  many  demands  for  P.O.L.  for  operations  other  than 
debris  removal.  P.O.L.  supplies  will  be  needed  for  trucking,  heating  and 
transportation  among  other  requirements. 

The  debris  removal  operations  will  not  control  the  total,  or  perhaps 
even  the  majority  of  the  petroleum  fuel  resources.  The  debris  removers  must 
produce  a  list  of  approximate  quantitative  requirements  to  establish  plans 
and  a  suitable  priority  for  the  operation’s  share  of  this  resource. 

The  equipment  owners,  who  will  be  involved,  will  have  knowledge  of 
locations  and  contacts  for  obtaining  delivery  of  fuel  and  lubricants ,  within 
the  constraints  established  by  the  situation.  The  debris  removal  headquarters 
should  have  names  and  addresses  of  contacts  at  major  local  P.O.L.  distribu¬ 
tion  centers.  A  form  of  tabulating  storage  sources  and  normal  stocks  of  P.O.L. 
is  shown  in  Figure  5.9.  These  locations  with  an  approximate  normal  storage 
capacity  should  be  shown  on  the  map  overlay  for  resources. 
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Figure  5 


5.5  REPAIR  PARTS 

Repair  parts  for  the  key  equipment  will  be  a  critical  resource.  Sales 
and  distribution  of  heavy  construction  equipment  is  an  orderly  and  well-con¬ 
trolled  business.  The'^e  usually  will  be  only  one  dealer  for  any  one  make  of 
new  equipment  in  any  metropolitan  area.  For  example,  there  will  be  only  one 
Allis  Chalmers  dealer  for  the  whole  section  of  the  country  in  which  the  affected 
city  lies.  Similarly,  there  will  be  only  one  Caterpillar  and  one  International 
Harvester  dealer  and  one  only  for  each  of  the  other  major  manufacturers.  Each 
of  these  may  have  a  branch  or  other  warehouse  in  another  city,  which  in  many 
cases  will  be  a  few  hundred  miles  distant.  Such  branches  may  be  supplemental 
sources  of  parts  supplies,  as  the  chances  are  that  a  city  at  such  distance 
would  not  have  a  similar  debris  or  damage  problem. 

The  table  on  Figure  5.10  shows  the  principal  manufacturers  of  key  equip¬ 
ment  to  be  used  in  debris  removal.  The  local  planner  should  have  a  list  of  per¬ 
sonnel  contacts  at:  the  local  distributor;  each  of  the  factories;  and  any  other 
nearby  major  source  of  repair  parts  inventories.  The  latter  may  be:  zone, 
branch  or  district  offices  of  the  manufacturer;  government  installations  such  as 
highway  maintenance  offices;  large  contractors;  quarries;  or  mines. 

Figure  5.11  shows  a  method  for  showing  details  of  parts  sources  for 
each  of  the  fifteen  producers  of  key  equipment  items  listed  on  Figure  5.10. 
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Manufacturer 


Dozers 


Shovels 


Allis  Chalmers  (AC) 

X 

H 

American  Holst  and  Derrick 

X 

Bucyrus  Erie  (BE) 

Caterpillar  (CAT) 

X 

X 

Eimco 

X 

X 

Gallion 

Insley 

X 

International  Harvester  (IH) 

X 

Koehring 

X 

Lima 

X 

Marion 

X 

Northwest 

X 

P  &  H 

X 

General  Motors  (TEREX) 

X 

Trojan 

1 

X 

ngureS.lO 
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EQUIPMENT  PARTS  LOCATOR 


MANUFACTURER: 

EQUIPMENT: 


FACTORY  ADDRESS  •(  MAiN  OPFICEl 

STREET 

(BRANCH) 

CITY 

PHONE  RADIO 

CONTACTS 

LOCAL  DISTRIBUTOR  NAME: _ 

STREET 

CITY  _ _ 

PHONE _ RADIO _ 

CONTACTS 

NEAREST  DISTRIBUTOR  ELSEWHERE:  NAME: 

STREET _ 

CITY _ 

PHONE _ RADIO 

CONTACTS 


OTHER  IMPORTANT  PARTS  SOURCES; 


Figure  S.ll 
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SECTION  6 

EVALUATION  OF  CLEARING  TASKS 


6.1  INTRODUCTION 

Clearing  tasks  must  be  described  with  sufficient  and  significant  data 
to  permit  evaluation  of  the  task  with  respect  to  both  the  removal  effort  re¬ 
quired  and  objective.  This  will  assist  In  work  scheduling  and  will  provide 
aid  to  those  In  authority  who  will  assign  final  priorities. 

The  procedure  for  evaluation  must  be  one  that  will  permit  some  pre¬ 
attack  planning  or  estimating.  It  must  be  adaptable  to  revision  after  an  event 
a:  real  results,  or  conditions,  are  reported. 

The  manager  of  debris  clearing  will  be  subordinate  and  report  to  the 
commander  of  the  total  emergency  operation.  In  each  city  this  direction  and 
control  may  be  different  but  for  this  discussion  it  will  be  called  the  D  &  C. 
The  manager  will  look  to  the  D  &  C  for  assignment  of  task  priorities.  There 
could  be  situations  where  he  is  out  of  contact  with  the  D  &  C  and  certain 
guidelines  may  be  helpful  for  his  evaluation  of  urgency  and  the  initiation  of 
clearing  operations.  The  manager's  initial  actions  may  be  countermanded 
after  contact  is  re-established  with  D  &  C. 

6.2  USTING  OF  TASKS 

Section  2  of  this  report  shows  a  means  of  listing  tasks  and  describing 
the  debris  environment. 

An  analysis  of  several  hypothetical  situations  indicates  that  the  first 
debris  clearing  action  after  an  event,  which  causes  debris  in  the  streets, 
would  be  to  make  a  network  of  cleared  routes  generally  connecting  each  area 
of  the  city  where  there  may  be  survivors.  It  is  likely  that  these  routes  will 
have  been  pre-planned.  These  may  be  rather  long  routes  and  pass  or  be  near 
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to  several  kinds  of  facilities  which  would  be  critical  to  the  overall  emergency 
effort.  Some  of  the  routes  may  be  divided  into  several  individual  tasks  de¬ 
pending  on  type  of  debris,  access  or  other  considerations.  The  D  &  C  could 
direct  that  alternate  or  lateral  routes  be  cleared  from  these  major  routes  and 
assign  high  priorities  to  such  tasks. 

The  debris  group  should  provide  tiie  D  &  C  as  much  information  as 
possible  on  each  task  and  the  chance  of  its  successful  completion.  Those 
tasks  from  Figure  2.1  should  be  listed  on  a  form  to  display  the  general  pur¬ 
pose  or  objective  of  the  tasks.  This  can  be  done  on  a  form  as  shown  on  Fig¬ 
ure  6.1.  They  may  be  listed  sequentially  by  task  number. 

Some  of  the  data  for  completing  details  of  Figure  6.1  can  be  obtained 
from  the  D.P.S.  sheets,  Figure  4.2.  Most  of  the  descriptive  information  will 
be  based  on  knowledge  of  faciUtles  and  activities  in  the  areas,  some  of  which 
is  available  to  the  debris  manager  through  surveys  made  in  pre-event  planning 
in  preparation  of  the  D.P.S.  sheets. 

On  those  tasks,  involving  long  routes,  the  most  critical  facility  en 
route  will  be  listed.  See  Figure  6.2  and  subsequent  discussion  of  it  in  this 
section.  One  or  two  words  will  describe  the  facility  such  as  "hospital", 
"school",  etc. 

Under  "Supplied",  a  "yes"  or  "no"  should  show  that  the  goal  does, 
or  does  not,  have  food,  water  and  other  essentials  to  support  life. 

"The  Number  of  People"  column  is  self-explanatory.  In  most  cases, 
this  will  be  an  estimate  of  the  number  of  people  trapped  or  in  the  area,  and 
in  need,  based  on  known  population  of  the  area  or  from  post-attack  reports. 

"Condition  of  People"  should  be  one  or  two  words  such  as  "healthy", 
"ill",  "injured",  "incarcerated",  "sheltered",  "exposed",  or  other  suitable 
description  or  descriptions. 
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FaciUty  feuppUed  Number  I  Condition 


Figure  6. 


TASK  CODE 


SITUATION 

FIRST  DIGIT 

FIRES 

1 

HOSPITALS 

2 

SCHOOLS  AND  INSTITUTIONS 

3 

HOMES  FOR  THE  AGED 

4 

UNSHELTERED  GROUPS 

5 

SHELTERED  GROUPS 

6 

UTILITIES 

7 

WAREHOUSES  OR  FACTORIES  FOR  CRITICAL 

MATERIALS 

8 

GOVERNMENT  BUILDINGS 

9 

1 

NUMBER  OF  PEOPLE 

SECOND  DIGIT 

GROUPS  OVER  100 

1 

GROUPS  50  to  100 

2 

GROUPS  25  to  5 

3 

GROUPS  10  to  25 

4 

GROUPS  LESS  THAN  10 

5 

Figure  6.2 
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The  "Location”  should  show  the  zone  number  which  will  have  been 
established  for  debris  clearing  purposes.  The  next  column  is  for  "Restrictive 
Tasks",  if  any,  which  must  be  completed  to  provide  access  to  the  start  of 
task  under  analysis. 

The  "Task  Purpose  Code"  might  be  a  two-digit  number  which  will  des¬ 
cribe  the  essential  purpose  of  the  task.  This  would  be  used,  primarily,  to 
assist  in  establishing  the  urgency.  The  first  number  of  the  two-digit  number 
can  be  obtained  by  data  on  top  portion  of  Figure  6.2,  and  the  second  digit 
obtained  from  the  bottom  section  of  that  same  figure.  For  example,  a  grammar 
school  with  200  students  would  be  coded  31,  or  "3"  for  "Schools"  and  "1"  as 
a  second  digit  for  "more  than  100".  A  hospital  with  65  patients  and  staff  would 
be  Code  22,  etc. 

Generally  speaking,  those  tasks  with  lowest  first  numbers  in  the  codes 
will  have  the  highest  urgency.  Those  with  identical  first  numbers  normally 
will  be  arranged  in  urgency  with  the  ones  having  the  lowest  second  number 
given  the  higher  urgency  consideration. 

A  guide  for  assigning  provisional  urgencies  from  one  to  ten  is  as 
follows.  Refer  to  Figure  6.3.  Use  the  task  purpose  code  to  find  the  job  in 
the  first  three  columns .  The  indicated  provisional  urgency  shown  in  the 
fourth  column  is  put  into  the  "Provisional  Urgency"  column  on  Figure  6.1. 

Local  conditions  may  dictate  a  Judgement  granting  a  higher  urgency 
which  may  not  correspond  with  this  general  procedure. 

It  should  be  stressed  that  these  are  provisional  guidelines  to  be  used 
only  if  priorities  have  not  been  established  by  D  &  C.  They  must  be  subject 
to  change.  Changes  can  result  from  such  things  as  reconnaissance  reports 
showing  different  debris  situations  or  conditions  of  people,  or  new  develop¬ 
ments  such  as  fires  or  fallout.  They  may  be  influenced  as  well  by  subsequent 
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-  Provisional 
Urgency 

Provisional  Priority  1 

Chance  of  Succ 
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evaluation  of  chances  of  success  and  this  effect  Is  discussed  in  the  following 
paragraphs. 

6.3  CHANCES  OF  SUCCESS 

The  chances  of  successfully  completing  a  task  will  need  to  be  known 
by  D  &  C  or  others  who  will  be  estabUshlng  priorities.  If  there  appears  to 
be  no  chance  of  success.  It  may  be  a  useless  waste  of  resources  to  start  It, 
even  though  it  may  have  a  high  provisional  urgency.  On  the  other  hand,  a 
high  urgency  task  with  a  low  chance  of  success  may  be  given  an  even  higher 
priority  by  Judgement  of  D  &  C,  based  on  need,  If  such  change  would  Improve 
the  overall  operation. 

If  there  is  an  abundance  of  debris  removal  resources,  the  task  may  be 
started  even  though  its  chance  of  success  appears  non-existent.  In  such  an 
over-abundance,  however,  urgencies  and  priorities  would  moan  little  except 
perhaps  to  establish  the  order  in  which  tasks  would  be  started. 

The  chances  of  success  may  not  be  known  at  the  time  of  assigning  the 
provisional  urgency  rating.  This  chance  Is  based  on  performance  estimates 
for  the  tasks  as  described  in  Section  8  of  this  report.  That  section  deals  with 
allocation  of  resources  based  on  avallablUty  and  productivity. 

A  chance  of  success  numerical  i  Jng  Is  suggested.  It  is  based  on 
calculation  of  time  required  to  accomplish  the  task  as  opposed  to  the  time 
estimated  In  which  it  needs  to  be  accompUshed.  Again,  these  data  on  time 
requirements,  and  needs,  are  used  and  described  in  Section  8.  The  next 
column  of  Figure  6. 1  is  one  which  shows  "Chance  of  Success".  It  is  noted 
as  a  numerical  value  from  1  to  5  selected  from  Figure  6.4  which  is  based  on 
the  productivity  evaluation  described  in  Section  8.  Figure  8.1  shows  a  time 
allowed  and  time  required  for  each  task,  if  the  task  can  be  performed  within 
the  time  specified.  It  will  get  top  rating  of  1.  The  more  time  It  requires,  in 
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CHANCE  OF  SUCCESS 


TASK  TIME 

SPECIHED 

DAYS/HOURS 

RATING  1 

1 - 

2  1  3  

4  1 

■xi7?n;niT^ 

.5/12 

.5/12 

.70/17 

.80/19 

1.0/12 

.75/18 

.7/18 

.9/22 

2.2/29 

1.5/36 

1.0/24 

1./24 

1.2/29 

1.6/38 

2.0/48 

1.25/30 

1.25/30 

1.6/38 

1.9/46 

2.5/60 

1.50/36 

1.50/36 

1.9/46 

2.4/58 

3.0/72 

1.75/42 

1.7/42 

2.4/58 

2.8/67 

3.5/84 

2.0/48 

2.0/48 

2.6/62 

3.2/76 

4.0/96 

2.5/60 

2.5/60 

3.3/79 

4.0/96 

5.0/120 

3.0/72 

3.0/72 

3.9/94 

5.4/120 

6./144 

4.0/96 

4.0/96 

5 . 2/125 

6.4/154 

8./192 

5.0/120 

5,0/120 

6.5/156 

8./192 

10/240 

Note;  If  task  analysis  shows  that  it  cannot  be  performed  with 
available  resources,  a  chance  of  success  rating  of  "5" 
is  assigned. 


Figure  6.4 
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a  on  to  specified  time,  the  lower  chance  of  success  (higher  rating  number) . 

a  as  s  specified  to  be  done  in  1.2S  days  (30  hours)  but  is  estimated  to 

require  two  days  (48  hours),  it  will  get  a  rating  of  -3''  in  chances  of  success. 

noted  on  Figure  6.4,  the  task  analysis  may  show  that  there  is  absolutely 

no  chance  of  performing  It  with  available  resources.  If  such  Is  the  case,  a 

Chance  of  success  rating  of  will  be  noted  on  Figure  6.1  to  indicate  or  flag 
this  condition. 

PROVISIONAL  priorities 

Oon.lder.aon  of  provl.lon.l  urpenc,  and  chance  of  .„cces.  rating. 

Will  provide  a  guide  to  eetabUeh  -Provisional  Prloaue.-,  the  1...  column  of 

Hanr,  6.1.  6.3  provide,  a  ch.a  to  give  each  ,  provl.ion.,  pap,, 

lly  raan,  of  from  .  ,o  30.  Inia., 

the  ha.l.  Of  tasks  havln,  Oie  lonm.,  (numertcal)  p„vlslon.l  paoritp. 

me  task  code  and  provisional  urgency  are  idenafled  on  fli,  left-hand 
pomon  Of  Plgure  6.3.  Reading  „  aght.  a  provisional  paortty  number  Is 
isted  under  the  approprtate  chance  of  succe..  raun,  column.  For  example- 
«  1.  decided  that  a  rout.  «  a  school  «d.  n  student,  b.  cleared  two  days 
The  task  code  is  33.  Malyst.  ha.  shown  that  the  actual  cleaan,  task  will 

require  3.8  days;  therefore,  the  chance  of  success  reHng  Is  2.  The  provl- 
slonal  priority  of  this  task  Is  4. 

All  tasks  Which  have  previousiy  been  given  a  chance  of  success  rating 
of  5"  are  automaacaUy  assigned  a  pmvlslcnal  prlortty  of  20. 

me  preceding  paragraphs  Indicate  how  provisional  pdcriaes  could  be 
estabhehed  by  evaluaang  cleaang  ask  requirements  and  oblecUves.  tvhether 
or  not  such  prtoaaes  would  be  us«,  depends  on  post^Oack  condlaons.  As 
menaoned  In  paragaph  6 . . ,  ,he 

dTiQ  prloritlfis  would  b©  iriddp  hv  jc.  t  ^ 

y  D  &  C.  Information  provided  by  task  evalua¬ 
tion  would  be  helpful. 


/r 


/ 


SECnON  7 
MOBILIZATION 

7.1  INTRODUCTION 

Mobilization,  or  marshalling  of  resources  for  debris  clearing  opera¬ 
tions  Involves  many  facets.  Subjects  which  must  be  considered  include: 

1.  Management  or  control 

2.  Administrative  quarters  and  communications 

3.  Staff  personnel  assembling 

4.  Construction  equipment  and  areas  for  its  assembly 
and  dispersal 

5.  Labor  access  and  control 

6.  Supplies 

7.  Transportation  tor  personnel,  equipment  and  supplies. 

The  purpose  of  this  study  is  to  provide  guidelines  for  the  actual  physi¬ 
cal  operation  of  removing  debris  for  the  emergency  phase.  The  appointment 
or  organization  of  staff  and  methods  of  getting  the  operation  underway  are  as 
important  as  providing  guidelines  for  the  staff  to  do  an  effective  job. 

It  is  assumed  that  local  conditions,  and  potential  effects  of  the  debris 
causing  event,  will  dictate  requirements  and  personnel  for  overall  supervision 
of  work  performed  in  accordance  with  this  study.  The  study  will  provide  the 
overall  authority  some  aid  in  selecting  managers  from  those  best  qualified  in 
the  construction  or  public  works  fields. 

In  pre-event  planning,  the  mayor  or  other  authority  in  the  area  may 
appoint  a  debris  removal  manager.  The  manager's  planning  in  advance  should 
provide  him  with  means,  during  increased  readiness  to: 

1 .  Establish  contact  with  D  &  C 

2.  Establish  base  of  operation 
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3.  Assemble  key  staff 

4.  Mobilize  resources. 

These  functions  of  organizations  are  essential  to  provide  the  Initia¬ 
tion  of  actual  debris  removal  operations  and  direction  for  each  task  to  get  the 
Job  done. 

7.2  STAGING  AREAS 

Normally,  one  or  more  multipurpose  staging  areas  (MSA)  will  have 
been  selected  for  the  disaster  reUef  activity.  One  might  house  the  overall 
command  and  the  control  headquarters.  The  debris  removal  activity  may  be 
only  one  of  several  management  groups  In  that  MSA  so  that  the  site  selection 
for  some  cities  may  or  may  not  be  one  at  which  heavy  construction  equipment 
can  be  assembled  and  maintained. 

In  some  cases  It  may  not  be  advisable  to  assemble  large  quantities  of 
equipment  during  the  Increased  readiness  period.  Although  much  of  the  key 
equipment  is  rugged  and  will  withstand  fairly  large  overpressures  It  could  be 
made  inoperable  by  isolation,  fallout  or  Are.  Decisions  as  to  use  of  MSA's 
for  debris  removal  operations  will  depend  on  the  Emergency  Operating  Plan 
for  the  area  In  question. 

7.3  ORGANIZATION  MOBTT.TZATTnivr 

The  debris  manager  would  appoint  key  personnel  using  guidelines 
made  on  the  basis  of  suggestions  of  SecUon  5  of  this  report  during  pre-event 
studies.  Many  cities,,  hopefully,  will  have  made  these  pre-event  plans  to 
such  a  point  that  mobilization  of  the  key  personnel  can  be  accomplished  In  a 
few  hours . 

The  operating  base  for  debris  removal  activities  should  have  at  least 
five  large  rooms  and  a  small  auditorium  for  briefings.  A  school  or  abandoned 
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office  would  be  Ideal.  Shopping  centers  with  office  complex  are  good  candi¬ 
dates  for  headquarters  sites.  The  site  should  have  adequate  parking  space 
as  there  will  be  considerable  vehicular  traffic  In  and  out  of  this  headquarters. 

All  band  radio  and  telephone  communications  must  be  established 

early. 

Feeding  and  other  facilities  for  headquarters  and  transient  operator 
personnel  should  be  provided.  Sources  of  office  furniture,  typewriters,  sta¬ 
tionery,  drafting  boards  and  filing  cabinets  should  be  arranged.  During  in¬ 
creased  readiness  (IR)  time,  these  and  aU  pre-event  assemblec  data  on  debris 
removal  should  be  moved  to  the  headquarters  site, 

7 *4  EQUIPMENT  MOBILTTATTnM 

Equipment  mobiUzatlon  Is  that  part  of  marshalling  of  resources  which 
Is  most  Important  to  this  study.  Primarily,  It  means  preparing  and  moving 
the  equipment  to  the  task  or  to  the  central  or  subordinate  MSA  within  one  of 
the  zones  where  It  may  be  required. 

Most  of  the  equipment  considered  for  this  work  Is  comparable  in  mobil¬ 
ity  requirements.  It  takes  little  or  no  more  time  to  move  a  300  HP  tractor  on 
a  low  boy  trailer  than  It  does  to  move  a  150  HP  tractor  on  the  same  type  of 
equipment  for  short  hauls,  as  between  zones  In  a  city.  Self-propelled  wheeled 
vehicles  travel  at  approximately  the  same  rate  of  speed  as  truck  trailers.  An 
estimate  of  time  required  to  move  equipment  from  zone  to  zone  or  from  a  near¬ 
by  mutual  aid  area  to  a  particular  zone  can  be  made  as  shown  on  Figure  7.1. 

It  Is  similar  to  a  mileage  map  and  Is  referred  to  as  a  "Zone  to  Zone  Time 
Table". 

The  table  has  been  filled  out  for  a  hypothetical  situation.  It  will  be 
noted  that  there  Is  a  column  to  the  left  called  "Travel  to  Area" .  This  Is  a 
space  to  put  In  hours  required  to  get  equipment  from  pre-determined  distant 
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Ftom  Zone 


ZONE  TO  ZONE  TIME  TABLE 
TRAVEL  TIME  -  HOURS 


Travel 

to 

Area 


4.0 


To  Zone 


2,0 

3.0 

S.O 


2.0 

3.0 

S.O 


3.0 

5.0 

7.0 


1.5 

2.5 
4.0 


2.0 

3.0 

6.0 


1.0 

2.0 

3.0 


2.0 

3.0 

4.0 


3.0 

5.0 

6.0 


4.0 

6.0 

8.0 


3.0 

4.0 

5.0 


2.0 

3.0 

5.0 


3.0 

4.0 

6.0 


3.0 

5.0 

7.0 


1.5 

2.5 
4.0 


1.0 

2.0 

3.0 


4.0 

5.0 

6.0 


1.0 

1.5 

2.0 


2.0 

3.0 

4.0 


2.0 

3.0 

6.0 


1.0 

2.0 

3.0 


1.0 

2.0 

3.0 


1.0 

1.5 

2.0 


1.0 

1.5 

2.0 


4.0 

5.0 

6.0 


10.0 


2.0 

3.0 

4.0 


3.0 

5.0 

6.0 


4.0 

5.0 

6.0 


1.0 

1.5 

2.0 


2.0 

3.0 

4.0 


5.0 

6.0 

7.0 


3.0 


4.0 

6.0 

fl.O 


3.0 

4.0 

5.0 


1.0 

1.5 

2.0 


1.0 

1.5 

2.0 


2.0 

3.0 

4.0 


1.0 

2.0 

3.0 


7.0 


2.0 

3.0 

S.O 


3.0 

4.0 

6.0 


2.0 

3.0 

4.0 


4.0 

5.0 

6.0 


5.0 

6.0 

7.0 


1.0 

2.0 

3.0 


Figure  7 . 1 
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locations  to  the  MSA  or  other  marshalling  yards  such  as  railroad  yards  or 
truck  terminals  in  specific  zones  equipped  to  receive  such  shipments.  This 
distant  traveling  time,  when  used,  naturally  must  be  added  to  the  zone  to 
zone  travel  times . 

Three  different  "hour"  figures  are  given  for  travel  time  between  any 
two  zones.  This  is  to  Indicate  possible  range  of  time  required  due  to  differ¬ 
ent  debris  conditions  which  may  exist  along  the  route.  For  example;  Equip¬ 
ment  traveUng  from  Zone  5  to  Zone  6  may  require  from  two  to  four  hours  de¬ 
pending  on  restrictions  presented  by  the  anticipated  debris  environment.  If 
the  equipment  was  from  a  distant  area  requiring  ten  hours  to  get  to  Zone  5, 
then  the  mobilization  time  would  be  between  12  and  14  hours.  Hours  used  in 
preparing  such  a  table  should  reflect  estimates  made  for  the  particular  study 
area  taking  into  account  actual  distances  between  zones,  probable  travel 
routes,  etc. 

Pre-event  inventory  of  key  equipment  may  Indicate  that  the  owner's 
yard  locations  are  such  as  to  provide  reasonable  dispersement  of  equipment 
throughout  the  study  area.  During  periods  of  increased  readiness  it  may  be 
advisable  to  mobiUze  equipment  at  its  home  base.  The  equipment  could  be 
fueled  and  made  ready  for  transport  to  designated  MSA's  or  task  assignments 
as  the  case  may  be.  As  mentioned,  this  is  a  decision  for  local  authorities. 

In  the  event  that  equipment  was  mobilized  at  its  home  base,  it  would  be 
necessary  to  provide  communication  faclUties  and  personnel  shelters  at  or 
near  the  yard  location.  In  some  Instances,  owners  may  have  existing  radio 
systems  which  could  be  used. 

7.S  P-O-L.  MOBILIZATION 

In  most  cases  P.O.L.  supplies  will  be  drawn  from  the  regular  commer¬ 
cial  storage  areas  for  petroleum  products.  Unfortunately,  in  most  cities  these 
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often  are  concentrated  in  one  area  which  may  be  near  a  port  or  rail  or  pipe 
line  terminal.  This  makes  them  rather  vulnerable  to  a  disaster  centered  in 
that  area. 

During  periods  of  increased  readiness,  it  would  be  desirable  to  ar¬ 
range  for  each  large  user  of  P.O.L.  who  has  yard  storage  facilities  to  stock 
up  to  capacity.  In  this  way  the  P.O.L.  resources  would  be  distributed  so 
that  it  is  less  vulnerable  to  complete  loss  and  there  are  better  chances  that 
some  supplies  will  be  closer  to  the  task  site  at  which  it  may  be  required. 

Also,  it  would  be  desirable  to  ask  for  dispersement  of  any  portable  diesel 
fuel  tanks  to  different  zones  where  debris  difficulty  has  been  indicated  by 
debris  prediction  studies.  These  portable  tanks  should  be  filled.  Drums  of 
fuel  oil  should  be  assembled  at  each  MSA  or  yard  location.  They  will  be  use¬ 
ful  to  stock  individual  tasks  and  as  a  means  to  haul  fuel  over  debris  with  a 
front-end  loader. 

7.6  MAINTENANCE  MOBILIZATION 

Mechanics'  tools  and  welders  should  be  assembled  during  increased 
readiness.  It  is  best  not  to  try  and  stock  additional  repair  parts  but  to  depend 
on  drawing  those  parts  from  the  dealers  or  major  users  as  needed. 

7.7  MISCELLANEOUS  SUPPLIES 

An  assortment  of  hard  hats,  safety  shoes,  rubber  coats  and  boots, 
picks,  shovels,  etc.  should  be  stocked  at  the  different  locations  during  in¬ 
creased  readiness  periods.  Many  of  these  miscellaneous  supplies  will  be 
available  from  those  contractors  who  are  furnishing  the  major  equipment. 

7.8  TRANSPORTATION  MOBIUZATION 

During  Increased  readiness  all  commercial  haulers  of  heavy  equip¬ 
ment  should  be  asked  to  move  their  low  boy  trailers  and  tractors  to  MSA's 
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or  wMC  W.U  ba  u.e  .o„„a  o,  Piokup  .„cka  a„a 

four-wh.el  drive  vehicles  should  he  fueled  and  avallehle. 
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SECTION  8 

ASSIGNMENT  OF  RESOURCES 


8.1  INTRODUCTTnM 

Resources  must  be  assigned  for  efficient  completion  of  the  tasks. 

The  assignment  must  be  as  orderly  as  possible  under  rather  extraordinary  cir¬ 
cumstances.  Priorities  must  be  followed. 

Records  must  be  kept  of  remaining  available  resources  including  man¬ 
power  and  material  at  all  stages  of  the  mobilization  and  activation. 

The  preceding  sections  of  this  report  provide  task  definition  and  re¬ 
source  inventory  and  mobilization  guides. 

This  section  describes  how  task  requirements  can  be  matched  with 
those  resources,  particularly  the  very  critical  equipment  resources. 

8*2  TASK  REQUIREMENTS 

A  form,  as  shown  as  figure  8.1,  should  be  prepared  for  each  task. 

This  task  requirement  card  serves  three  purposes.  Its  primary  purpose  is  to 
assist  in  selecting  the  best  available  resource.  Its  other  purpose  is  to  show 
resources  assigned  and  their  total  requirements  for  completing  the  task. 

The  top  part  of  Form  8.1  describes  the  task  purpose,  conditions,  lo¬ 
cations,  and  time  requirements.  Most  of  the  data  for  this  part  of  the  form 

can  be  read  directly  from  Figures  1.2,  2.1and6.1.  The  date  is  that  on  which 

the  form  is  being  filed.  Form  6.1  provides:  task  starting  point,  zone  or 
street  location,  priority  and  urgency,  figure  2.1  provides:  task  no.,  opera¬ 
tion  type;  allowed  time  -  hours;  debris  type;  traffic  content;  average  depth 

in  feet;  length  of  route  in  thousands  of  feet;  and  debris  volume  in  units  of 
volume  of  1,000  cu.yds. 

finish  day  and  hour  is  computed  by  adding  the  time  allowed  in  which 
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TASK  REQUIREMENT  CARD 


Task  Requirement  Summary 

Zone  Situation: _  Fall  Out: _ Fire  Condition: 


Task  No: _ ^Zone: _ Date: _ Priority: _ 

Route  Width: _ Street  Width: _ Average  Depth: _ Length: 

Operation  Type: _ Time  Allowed-Hrs: _ Finish  Day: _ Hr: _ 

Debris  Type: _ ^Variable  Cont: _ Adjusted  Debris  Type: _ 


Volume : 


Reg.  Prod: 


Resource  Evaluation 


mm 

Production 

Cu.Yd./Hr. 

Time  -  Hours 

No. 

Zone 

Standard 

Prod. 

Factors 

Adjusted 

Mobil. 

Oper. 

Total 

Units 

Supporting  Resources 


Code 

Quantity 

620 

621 

622 

Resource  Assignment: 


Group  No. 


Start  Day 


Hour 


Finish  Day 


Hour _ Gross  Oper.Tlme 


Labor  Hrs. by  skill:  1 _ 2 _ 3 _ ^4 


Labor  Total  Hrs: 


Dies,  (gal) : _ Gas  (gal) _ Lube(lb.J _ Oil  (gal.J _ 


Figure  8  •  1 
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job  must  be  done  to  that  time  (day  and  hour)  at  which  form  Is  being  computed. 

The  adjusted  debris  type  can  be  read  from  Figure  1.2,  using  debris 
type  and  traffic  content. 

The  approximate  net  production  rate  required  is  the  debris  volume, 
in  cubic  yards,  divided  by  the  allowed  time  in  hours.  This  will  be  a  much 
lower  rate  than  will  be  needed  for  equipment  capacity  as  there  will  be  lost 
time  in  mobilization  and  elsewhere.  This  is  detailed  below. 

8.3  RESOURCE  EVALUATION 

The  most  critical  resource  will  be  key  or  major  equipment.  Personnel 
and  P.O.L.  supplies  are  more  mobile  and,  therefore,  can  be  obtained  from 
greater  distances  in  the  time  likely  to  be  available. 

The  center  section  of  Form  8.1  provides  a  means  to  evaluate  equip¬ 
ment  groups  with  respect  to  task  requirements. 

8.3.1  Resource  Grouping 

Equipment  resources  will  have  been  inventoried  as  has  been  described 
in  Section  5 .  See  Figures  5.2,  5.3,  5.4  and  5.5. 

Construction  equipment  must  be  put  into  groups  for  effective  opera¬ 
tion.  A  group  may  be  simply  one  bulldozer  and  a  few  hand  tools.  It  may  be 
a  more  complex  group  of  several  bulldozers  or  combinations  of  shovels  and 
front-end  loaders  and/or  bulldozers.  All  groups  that  include  shovels  and 
most  that  include  front-end  loaders  will  have  trucks.  They  will  require  part- 
time  allocation  of  fuel  trucks  or  other  service  vehicles.  Nearly  all  groups 
for  debris  removal  will  be  fairly  small.  This  is  because  tasks,  as  envisioned, 
will  have  limited  working  space. 

The  equipment  group  concept  for  this  work  was  Introduced  in  Section 
3. 2  of  Reference  1  and  illustrated  in  detail  in  Appendix  B  of  that  report. 


8-3 


Figure  8.2  shows  a  group  card  form  for  listing  equipment  and  other 
resources  for  each  equipment  group  formed.  Provisional  equipment  groups 
should  be  made  on  such  forms  for  all  of  the  equipment  inventoried  as  des¬ 
cribed  In  Section  5.  These  provisional  groups  can  be  dissolved  and  other 
groups  made  with  the  equipment  either  prior  to  assignment  (for  special  task 
needs)  or  on  completion  of  a  task.  The  group  will  be  dissolved  if  the  equip¬ 
ment  is  taken  out  of  service  for  any  reason. 

The  group  card  shown  on  Figure  8.2  differs  from  that  described  in 
Reference  1  in  a  few  details.  These  provisional  groups  should  be  made  using 
judgement  by  persons  with  experience  in  earth  excavation  by  construction 
machinery  and  a  general  knowledge  of  the  probable  nature  of  the  tasks  likely 
to  be  required. 

Group  numbers  will  be  assigned  sequentially  to  the  groups  as  group 
cards  are  filled  in. 

The  "Date  Fonned"  is  the  date  the  group  card  is  filled  out.  The  "Date 
Dissolved"  is  the  date  the  group  is  dissolved  which  may  be  for,  among  other 
reasons,  the  following: 

1.  Equipment  is  used  in  forming  another  group. 

2.  Equipment  is  damaged  beyond  repair. 

3.  The  group  is  modified  for  a  task  by  additions  or  deletions. 

The  left-hand  column  of  the  main  body  of  the  group  form  is  for  listing 
major  and  minor  equipment  and  supporting  resources  usually  by  code.  After 
the  code  number  for  the  major  equipment,  there  will  be  a  slant  line  and  the 
equipment's  location  or  yard  serial  number  will  follow  the  slant  line. 

The  "No.  Reqd. "  (number  required)  column  is  the  number  of  the  speci¬ 
fic  pieces  or  units  of  resources  listed  in  the  left-hand  column  of  the  group 
card . 
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STANDARD  PRODUCTION  -  CU.  YD./HR. :  _  TYPE  OF  OPERATION: 

Figure  8 . 2 


The  labor  table  part  of  Figure  8.2  provides  space  for  listing  three 
categories  of  labor  by  skill  code  and  the  manhours,  per  hour  of  group  opera¬ 
tion,  required  for  each.  Labor  Code  1  is  equipment  operators;  Code  2  is 
mechanics  or  other  skilled;  Code  3  is  drivers  or  semi-skilled,  and  Code  4  is 
unskilled.  The  last  four  columns  are  for  petroleum,  oil  and  lubricant  (P.O.L.) 
requirements  and  show  them  by  gallons  or  pounds  per  hour  for  each  unit  in 
the  group  requiring  such  supplies.  Figure  8.3  gives  data  necessary  to  com¬ 
plete  the  group  card.  It  shows  hourly  labor  and  supply  requirements  for  each 
type  of  equipment  shown  by  name  and  code  as  well  as  data  on  key  specifica¬ 
tions  such  as  weight,  horsepower  and  capacity  where  appropriate.  Figure 
8.3  also  shows  "standard  production"  and  "type  of  operation"  to  which  each 
kind  of  equipment  may  be  assigned  either  alone  or  in  multiple  units  or  com¬ 
bined. 

Total  hourly  requirements  for  all  resources  in  the  group  are  summa¬ 
rized  on  the  appropriate  line  of  Figure  8.2.  Standard  production  for  the  group, 
as  well  as  type  of  operation  will  depend  on  type  and  number  of  major  equip¬ 
ment  used  in  fonning  the  group. 

Transportation  requirements  are  not  shown  on  the  group  card  as  analy¬ 
sis  has  shown  that  all  of  this  equipment  can  be  transported  by  truck,  tractor 
and  low  boy  trailers  or  are  self-propelled.  Rail  haulage  would  seldom  be 
used  except  for  equipment  from  great  distances.  The  latter,  if  required, 
more  than  likely  would  be  supplementary  to  the  local  inventory  and  in  most 
cases  called  in  only  if  required  after  an  event.  An  exception  to  the  post¬ 
event  plan  for  any  required  rail  transport,  would  be  in  what  appears  to  be  an 
unlikely  discovery  in  pre-event  inventory  that  there  will  be  a  shortage  of 
equipment  in  the  city  or  study  area.  In  such  a  case  distant  sources  which 
may  be  less  vulnerable  to  damage  may  be  established.  Arrangement  then 
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listu  Abtrtvnaont 

1  *  Btrvlct  Truck  i  •  light  Plant  &  Acc«i»orl«i  (1)  Gdrt  ■  Gradari 

2  •  Tlr«  Truck  7  •  8«(«ty  Clothai  &  Small  TooU(Flg.3.S)  (2)  Craw.  ■  Crawlar 

3  -  P.O.L.  Truck  ••  Matal  Cutting  Cguipmant  (Tig.  3. S)  (3)  AT  •  Whaalad 

4  -  Swtapar  9  •  Wood  8aw»  ind  Tool!  (Hg .  3 . 5) 

5  -  Air  Compraator  &  Toola 


Figure  8,3 
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may  be  made  to  get  the  equipment  on  board  trains  and  an  route  to  the  city 
during  periods  ot  Increased  readiness.  Barges  may  be  needed  In  a  city  which 
depends  on  bridges  for  access  or  one  which  may  be  bisected  by  one  or  more 
rivers  or  waterways.  Wheeled  units  can  and  probably  will  travel  to  tasks 
within  about  30  miles  (in  an  emergency  sltuaUon)  without  haulage  units. 
Wheeled  unit,  are  those  with  odd  or  uneven  code  numbers.  Crawler  unit, 
(even  code  numbers)  in  an  emergency  could  travel  about  3  miles  on  dty 
streets  to  a  task  on  their  own  power.  A.  a  general  rule,  equipment  traveling 
under  its  own  power  (on  short  haul.)  will  make  the  trip  In  60%  of  the  Ume 
required  to  got  a  trailer  to  haul  It. 

0.3.2  Resource  Evaluation 

As  was  described  the  above  trial  groups  of  equipment  should  be  formed 
on  paper  for  each  zone  as  soon  as  the  area  equipment  Inventory  1.  completed. 
Then  a  group  Inventory  showing  zone,  group  number,  operation  type,  stand¬ 
ard  production  and  owner  serial  number  should  be  made  for  the  complete  city 
or  area.  See  ngure  8.4. 

When  the  group  Inventory  Ust.  are  accompU.hed,  the  analysis  In  re¬ 
source  evaluation  in  the  center  section  of  form  Rgure  8. 1  can  proceed.  The 
"Operation  Type"  for  the  task  will  Indicate  that  basically.  It  Is  either  a  dozer 
job,  a  shovel  job,  or  a  combination  (of  dozers  and  shovels)  job.  The  "Re¬ 
quired  Production"  will  indicate  the  production  rate,  but  it  must  be  remem¬ 
bered  that  groups  chosen  for  evaluation  usually  should  have  a  standard  pro¬ 
duction  of  at  least  double  this  required  production.  Rather  drastic  down¬ 
ward  adjustments  to  standard  production  are  required  for  various  practical 
reasons  as  are  explained  elsewhere  in  this  report. 

The  group  Inventory  lists  for  the  zone  Involved  and  Its  adjoining  zones 
Will  be  searched  for  groups  available  which  could  do  the  Job  and  which  have 
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Figure  8 . 4 
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sovoral  tlmei  the  Indicated  required  production  capacity.  The  moit  con¬ 
venient  onei  geographically  will  be  listed  in  the  first  two  vertical  columns 
of  the  center  table  of  nguro  0. 1  and  their  standard  production  will  be  put 
into  the  third  column. 

The  "composite  adjustment"  factor  will  be  chosen  from  figure  3.3 
depending  on  major  equipment,  debris  type  arul  traffic  content.  The  "units 
(or  multiple  units)  factor  la  selected  from  Figure  3.4  using  number  and  types 
of  major  units  from  the  equipment  group  card  (Figure  0.2)  and  route  width 
from  data  at  top  of  Figure  0.1.  Standard  production  for  each  group  listed  Is 
multiplied  by  both  factors  to  achieve  adjusted  production  figure.  (Section 
11  gives  additional  details  on  this  procedure.) 

The  time  In  hours  required  to  move  the  equipment  to  start  of  task  Is 
selected  from  a  table  similar  to  Figure  7.1  and  Inserted  In  the  moblUzatlon 
time  column.  To  use  Figure  7 , 1  the  zone  to  start  the  task  Is  obtained  from 
the  top  of  0.1  and  the  zone  from  which  equipment  must  be  moved  Is  from  the 
center  table  of  that  figure. 

The  adjusted  production  "rate"  Is  divided  Into  the  "Volume"  number 
(cubic  yards  to  be  moved)  from  top  of  Figure  0. 1  to  arrive  at  "Operating  Time 
Hours"  for  the  central  table  of  that  figure. 

"Mobilization  Time"  and  "Operating  Time"  are  added  and  their  sum 
Is  "Total  Time".  The  group  with  least  hours  In  total  time  probably  will  be 
assigned. 

In  evaluating  task  requirements,  it  may  be  found  that  a  group  needs 
additional  supporting  resources  such  as  labor,  cutting  torches,  chain  saws, 
protective  clothing,  etc,  A  crane  may  be  required  In  areas  of  heavy  debris 
with  considerable  "steel"  content.  These  resources  can  be  added  to  a  group 
by  the  person  making  the  analysis  on  Figure  8.1.  His  decision  will  be  based 


8-10 


GROUP  SUPPORTING  RESOURCE  SETS 
REQUIRED  FOR  VARYING  DEBRIS  CONPIIIQNS 


One  620  tupportlnR  reiource  let 
required  per  6  men 


Number  of  621  eeti  required. 


Original  or 
Adjusted 

Debris 

Struct. 

Content 

Average  Depth 

■I 

■ 

6* 

8* 

10' 

12* 

-  3 

1 

1 

2 

2 

3 

3 

-  4 

2 

2 

3 

3 

4 

4 

-  S 

2 

3 

3 

4 

4 

5 

Number  of  622  eets  required 


Original 

Debris 

Structural 
Content.  * 

Average  Depth 

Upto  2' 

■■ 

6’ 

-  2 

1 

1 

2 

*  Structural  Content  is  from  Parameter  A-2  of 
Debris  Classification  -  See  1.2. 


Figure  8.5 
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on  debris  type  and  other  task  requirements.  These  resources  and  needs  are 
discussed  In  Reference  1  and  can  be  selected  from  bottom  portion  of  Flqure 
8.3.  ngure  6.S  Is  a  guide  as  to  quantity  of  such  resources  required  for 
various  debris  environments.  Any  additional  resource  required  to  augment 
an  assigned  group  are  noted  on  the  bottom  center  table  of  figure  8.1. 

8.4  RESOURCE  ASSIGNMENT 

The  assigned  group's  serial  number  Is  Inserted  In  the  "group  number" 
slot  on  the  low  nr  part  of  figure  8.1.  To  the  start  time  or  hour  of  assignment 
the  total  hours  are  added  to  compute  finishing  day  and  hour. 

The  selocted  group  card  will  be  attached  to  the  task  requirement  card 
and  It  will  be  removed  from  Inventory  of  remaining  resources  which  are  shown 
on  Figure  8.4  for  groups  and  figure  5.4  for  equipment. 

Gross  operation  time  must  be  computed.  It  Is  the  time  for  which  re¬ 
sources  must  be  provided  to  complete  the  task.  It  has  been  assumed  that  re¬ 
quirements  for  operators,  fuel,  etc.  needed  for  mobilization  will  be  approxi¬ 
mately  60%  of  similar  requirements  during  actual  operaUons.  Therefore, 
gross  operation  time  *  0.6  x  Mob.  Time,  plus  100%  of  Operating  Time. 

"Gross  Operation  Time"  Is  then  multiplied  by  labor  summaries  for  each  of 
the  four  classes  and  put  In  the  appropriate  slots  at  the  bottom  of  figure  8.1. 
The  total  of  the  four  Is  put  In  the  total  labor  spot  for  the  task  on  the  bottom 
of  that  figure.  Similarly,  P.O.L.  requirement  summaries  from  the  group  card 
are  multiplied  by  "Gross  Operation  Time”  to  give  data  for  the  bottom  line  of 
each  task  requirement  card.  Total  required  hours  for  Individual  pieces  of 
equipment  is  obtained  by  multiplying  gross  operating  time  by  number  of  units 
used. 

As  will  be  explained,  these  task  resource  totals  will  be  used  later  to 
make  an  estimate  of  total  requirements  for  the  complete  operation  or  the  total 
effort  as  discussed  In  the  next  section. 
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SECTION  9 

DETERMINATION  OF  TOTAL  El  fQRT 
9.1  INTRODUCTION 

The  ultimate  objective  In  debrla  removal  planning  Is  to  provide  an  or¬ 
derly  means  to  tabulate  and  evaluate  a  variety  of  potential  debris  situations 
and  estimate  the  total  resources  required  for  designated  clearing  operations. 
Many  of  the  procedures  required  In  pre-event  planning,  increased  readiness 
alert  time  and  In  post-event  Implementation  which  give  data  to  this  summary 
of  total  effort  have  been  described  In  previous  sections. 

As  much  of  the  staUstlcal  work  as  possible  should  be  done  In  the 
planning  period.  These  plans  are  provided  to  contain  essential  data  In  a 
flexible  format  adjustable  to  many  possible  different  situations. 

Many  of  the  steps  In  organisation,  moblllzaUon  and  execution  can  be 
done  concunrently.  Some  must  be  done  sequentially. 

This  section  of  the  report  describes  an  orderly  process  for  scheduling 
the  various  steps  so  that  debris  clearing  operations  can  be  set  In  motion  In 
either  the  Increased  readiness  or  post-attack  periods.  It  provides  a  means 
by  which  an  estimate  of  total  effort  can  be  made  for  different  attack  condi¬ 
tions  and  debris  clearing  requirements. 

9.2  SCHEDUUNG 

PreparaUon  for  debris  removal  analysis  can  be  considered  by  six 
basic  steps.  They  are  illustrated  graphically  in  Figure  9.1.  The  number  at 
the  bottom  of  each  block  of  the  diagram  gives  the  figure  number  (of  this  re¬ 
port)  which  provides  the  form  to  be  considered.  It  is  assumed  that  all  plan¬ 
ning  procedures  have  been  completed  and  are  available.  The  six  operations, 
or  steps,  are: 


9-1 


STEPS  TO 


1  •  Event  Deiorlption 

2.  Debris  Analysis 

3.  Clearing  Requirements 
Equipment  Analysis 

5 .  Personnel  Summary 
P.O.L.  Supplies 

These  all  provide  Information  for  the  final  analysis  of  each  task,  In¬ 
cluding  task  definition,  resource  evaluation  and  resource  allocation. 

The  summary  of  the  resources  allocated  for  all  tasks  provide  a  total 
job  effort  estimate.  During  actual  operation,  this  must  be  updated  frequently 
with  progress  and  change  of  condition  reports.  The  total  effort  can,  there¬ 
fore.  be  estimated  before  an  event  and  during  the  clearing  operation. 

The  complete  process  Involves  assuming  a  variety  of  sltuaUons  before 
an  event,  or  having  reports  of  the  actual  situation  after  an  event. 

Naturally,  results  vary  with  ciUes  and  even  with  zones  within  any 
city.  A  hypothetical  situation  will  be  assumed  to  Illustrate  the  methods  pro¬ 
posed.  Fbr  the  purpose  of  this  Illustration,  let  It  be  assumed  that  the  author¬ 
ities  of  San  fVanclsco  are  estimating  clearing  requirements  necessitated  by 
a  nuclear  air  blast  over  City  Hall. 

The  first  step  (Figure  9.1)  would  be  to  estimate  the  Isobars  of  Inci¬ 
dent  overpressure  generated  by  the  detonation.  These  can  be  plotted  on  a 
map  of  the  City  and  roughly  are  concentric  circles  of  decreasing  pressure 
from  the  ground  zero.  Another  source  of  information  for  step  1  would  be  re¬ 
ports  of  actual  damage  provided  after  an  event.  In  pre-event  preparation, 
a  survey  team  has  Investigated  each  section  or  zone  of  San  FVanclsco  with 
"Debris  Prediction  Survey"  (D.P.S.)  forms  (Hgure  4.2).  Data  on  these 
forms  will  provide  guldeUnes  for  reasonable  debris  predictions,  and 
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Information  needed  for  steps  2  and  3. 

Clearing  requirements  (step  3)  can  be  Indicated  by  the  various  routes 
to  be  cleared  and  shown  on  the  area  zone  map.  These  routes  may  have  been 
pre -determined  or  could  be  designated  by  D  &  C  In  the  early  post-attack 
period , 

Step  4.  equipment  Inventories  and  grouping,  can  start  at  any  time, 
even  before  the  D.P.S.  Is  conducted.  Parts  of  the  equipment  analysis,  In 
the  final  stages,  are  dependent  on  knowing  zone  boundaries  which  are  de¬ 
pendent  on  the  D.P.S. 

Steps  S  and  6  are  listing  of  personnel  and  P.O.L.  supplies,  respec¬ 
tively.  These  are  highly  mobile  resources,  not  Influenced  so  much  by  loca¬ 
tion  as  is  equipment.  The  first  parts  of  studies  for  5  and  6  can  be  conducted 
concurrently  with,  and  independently  from,  debris  and  equipment  analysis 
and  area  mapping .  In  an  emergency,  this  concurrent  analysis  would  be  the 
case  but  In  pre-attack  planning,  these  Independent  functions  can  be  scheduled 
at  the  convenience  of  the  planners. 

9.3  TOTAL  RESOURCE  REQUIREMENTS  FORECAST 

Data  and  information  provided  by  the  completion  of  the  six  steps  can 
be  summarized  on  forms  as  shown  In  figure  8.1.  It  gives  the  debris  environ¬ 
ment,  task  definition,  available  resource  capability  and  allocation  for  each 
task.  All  resource  requirements,  other  than  equipment,  can  be  totalled  for 
each  task  or  zone  and  then  the  zones  summed  for  the  city  on  forms  as  shown 
on  Figure  9.2.  Figure  9.3  Is  used  to  summarize  total  equipment  requirements, 
in  machine  hours,  as  Indicated  by  data  and  task  analysis  given  on  Figure  8.1. 

Both  Figures  9.2  and  9.3  are  set  up  for  tabulation  for  either  zones  or 
the  entire  area.  The  totals  at  the  bottom  will  provide  such  things  as  fuel, 
manpower,  lubricants  and  machine  hours,  by  major  code  or  type.  Thus, 
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TOTAL  RESOURCE  NEEDS  FORECAST 


Total 


ZONE  OR  TOTAL: 


TOTAL 


a  measure  of  the  total  effort  forecast  can  be  made. 


9.3.1  During  the  planning  period.  It  would  be  desirable  to  determine  total 
effort  requirements  for  several  simulated  attack  conditions  and  correspond¬ 
ing  debris  clearing  requirements.  Such  studies  would  indicate  potential 
recovery  capability  based  on  available  resources  of  the  area.  Also,  it  would 
be  a  guide  as  to  need  and  use  of  mutual  aid  between  areas  with  respect  to 
debris  clearing  operations. 

9.3.2  The  same  general  procedure  of  determining  total  effort  can  be  followed 
In  the  post-attack  period.  In  this  Instance,  however,  It  will  be  necessary 

to  maintain  current  records  of  resource  needs  and  use  as  the  various  tasks 
are  undertaken  or  completed.  These  reports  would  reflect  actual  require¬ 
ments  as  opposed  to  original  estimates  made  on  the  basis  of  planning  data. 
This  can  be  accomplished  by  use  of  dally  progress  reports  as  shown  on 
Figure  9.4.  These  reports  will  provide  a  means  of  summarizing  total  resource 
requirements  both  during  and  at  completion  of  a  task.  All  steps  previously 
discussed  will  be  updated  with  field  reports  of  actual  conditions. 

In  some  situations  it  may  be  decided  locally  that  these  progress  re¬ 
ports  will  be  made  on  a  more  or  less  frequent  basis  than  daily.  They  should 
be  filled  out  by  the  manager  of  each  task .  Comments  noted  at  the  bottom  of 
the  form  will  include  such  things  as: 

1 .  Weather 

2.  Unusual  inclusions  or  debris  characteristics 

3 .  Radiation 

4.  Incidental  rescues 

5 .  Unpredlcted  damage 
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Commsnts: 


Signature: 
Task  Mgr.  ^rlnt): 

Figure  9.4 
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The  data  from  the  dally  progress  report  could  be  inserted  on  the  task 
forms  of  Figure  8.1  and  new  and  current  summaries  provided  for  Figures  9.2 
and  9.3  showing  totals  to  date  or  estimate  of  remaining  resource  require¬ 
ments.  The  progress  reports  also  provide  data  which  may  assist  in  reim¬ 
bursing  those  who  must  be  paid  for  services. 
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SECTION  10 

SAN  FRANCISCO  STUDY 
DEBRIS  ENVIRONMENTS 

10.1  INTRODUCTION 

Phase  III  of  the  research  study  was  to  apply  and  test  the  proposed 
debris  clearing  operational  plan  with  respect  to  requirements  and  conditions 
of  a  specific  area.  The  City  of  San  Francisco  was  designated  for  this  purpose. 
Also,  the  assignment  included  the  correlation  of  clearing  operations  with  other 
Civil  Defense  functions  which  might  be  undertaken  in  the  study  area. 

The  City  of  San  Francisco  has  adopted  an  Emergency  Operations  Plan 
which  sets  forth  various  procedures  and  plans  to  be  Implemented  in  the  event 
of  a  nuclear  attack  or  other  major  disaster.  It  details  the  overall  organiza¬ 
tional  control  and  specific  functions  to  be  performed  by  different  city  depart¬ 
ments  and  other  agencies,  utilities,  etc.  which  would  be  Involved  in  emer¬ 
gency  action.  The  plan  considers  various  stages  of  readiness  or  warning 
which  might  be  applicable  to  a  specific  event. 

Debris  clearing  operations  are  designated  as  a  function  or  section  of 
the  Engineering  Annex  of  that  plan.  The  chief  of  this  annex  is  the  Director  of 
Public  Works,  who  supervises  four  Coordinators  of  Engineering  Services  and 
thirteen  Section  Leaders.  As  used  hereinafter  in  this  report,  reference  to  de¬ 
bris  clearing  "manager"  will  imply  the  Coordinator  of  Street  Use,  in  line  with 
the  above.  It  is  assumed  rhat  the  planning  and  implementation  of  debris 
clearing  operations  is  the  primary  function  of  this  emergency  section. 

The  Emergency  Operations  Plan  is  oriented  to  nine  basic  operating 
situations  which  relate  fire  and  fallout  conditions  as  described  in  "Concept 
of  Operations  Under  Nuclear  Attacks"  -  OCD  November,  1967  (Reference  5). 

This  same  general  concept  is  followed  in  the  subsequent  discussion  of  debris 
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oleTlm  operations  with  the  exception  that  none  sltp.tlone,  which  relate 
blast  damage  and  lire  damage,  are  used  Instead  of  the  nine  basic  operating 
situations .  Although  debris  environments  are  directly  dependent  on  blast  and 
lire  damage.  It  Is  realised  that  any  emergency  funcUon  In  die  wake  of  a  nu¬ 
clear  attack  must  consider  eslstlng  lallout  and  fire  conditions.  It  Is  unUkely 
that  a  clearing  task  would  be  Initiated  In  an  are.  of  severe  fallout,  even 
though  resource,  were  available  to  do  so.  This  same  reasoning  aPpUes  also 
to  areas  with  an  uncontrolUble  fire  situation.  In  essence,  eklstlng  fallout 
and  fire  conditions  are  restraints  to  clearing  operaUons  mid  are  treated  as 
such  in  the  following  discussion.  They  are  considered  by  use  of  a  color  co 
symbol  on  each  task  requirement  card.  This  procedure  Is  used  primarily  to  In¬ 
dicate  how  clearing  tasks  can  be  correlated  with  other  emeraency  functions  or 

plans.  (See  paragraph  10.9.)  The  scope  of  this  study  does  not  Include  de¬ 
termination  of  time  lags  or  other  restrlcUons  which  might  be  Imposed  on  clear¬ 
ing  operations  due  to  either  faUout  or  fire  condmons.  Oonsemiently,  only 

general  allowar^ces  are  made  in  the  following  case  study. 

This  section  deals  primarily  with  the  determination  of  debris  environ- 
ments  and  requirements  of  clearing  tasks  that  may  be  undertaken  In  the  post¬ 
attack  period,  section  11  describes  resource  allocation  and  total  elfort. 

10.2  ATTACK  CONDITION 

Although  the  proposed  debris  clearing  operational  plan  Is  adaptable  to 
.11  simulated  or  actual  attack  condldons,  most  of  the  data  ami  procedures 
hereinafter  discussed  are  based  on  one  specific  sltuaBon-a  l-Mt  air  burst 
over  Olty  Hall.  This  attack  I,  the  same  as  considered  In  keference  6,  which 
describes  It  as  "sufficient  to  essentially  destroy  the  city,  considering  the 
location  of  various  types  of  structure".  By  using  the  same  attack  condition, 
,t  was  possible  to  compare  debris  environments  (quantlUes)  as  predicted  In 
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Reference  6;  Hgure  A-4  through  A-12,  with  those  determined  by  D.P.S. 
method  proposed  in  this  study. 

Isobars  of  incident  overpressures,  and  assumed  fire  spread  of  the 
simulated  attack  are  indicated  on  the  various  overlays  and  maps  which  are 
discussed  later. 

In  evaluating  the  overall  debris  clearing  problem,  the  following  as¬ 
sumptions  were  made; 

1.  All  elevated  freeway  structures  which  were  subjected 
to  Incident  overpressures  in  excess  of  12-15  psi  were 
considered  as  being  destroyed. 

2.  The  San  lYancisco  —  Oakland  Bay  Bridge  was  not  usable. 

3.  The  Golden  Gate  Bridge  was  usable. 

Sufficient  detail  is  given  in  the  problem  study  to  illustrate  how  the 
proposed  plan  and  data  could  be  expanded  to  cover  all  possible  attack  condi¬ 
tions  . 

10.3  CLEARING  ROUTES 

Possible  methods  of  defining  objectives  of  clearing  operations  and  es- 
tabUshlng  priorities  are  discussed  in  Section  6.  It  is  obvious,  however,  that 
ultimate  objectives  cannot  be  determined  until  after  actual  attack  conditions 
are  known,  in  general,  it  can  be  assumed  that  major  thoroughfares  will  be 
cleared  for  evacuation  or  access  purposes.  Routes  to  essential  facilities, 
major  shelters  and  operational  control  centers  will  be  cleared  as  soon  as  pos¬ 
sible.  With  this  in  mind,  the  following  clearing  routes  were  established 
which  would  probably  be  typical  of  an  actual  situation; 

A.  Evacuation  and  general  access  -  50'  path 
1.  Third  Street  Route  -  Meade  Avenue 
to  Kearney  and  Pacific.  This  is  the 
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same  route  as  studied  in  Reference  6. 

2.  Center  of  downtown  to  Golden  Gate  Bridge 
via  Sansome  and  Bay  Streets. 

3.  19th  Avenue  -  Presidio  to  Southern  City 
lliiuts . 

4 .  From  3rd  Street  Route  to  San  Francisco 
Naval  Shipyard. 

B.  Access  to  facilities  -  30'  path 

5.  Van  Ness  Avenue  from  Bay  Street  to  City  Hall. 

6.  Geary  Street  -  Van  Ness  Avenue  to  19th. 

7  .  From  19th  and  Judah  to  Geary  Street  via  Masonic. 

8.  Southern  portion  of  City  to  downtown  via 
O'Shaughnessy  Boulevard  and  Market  Street. 

9 .  From  Bosworth  Avenue  to  center  of  town  via 
Mission  Street. 

10.  From  3rd  Street  to  Hall  of  Justice  via  7th  Street. 

C.  Emergency  rescue  -  20'  path 

1 1 .  From  Clayton  and  Parnassus  to  Twin  Peaks  Avenue . 

12.  Mission  to  S.F.  General  Hospital  via  Z3rd  Street. 

These  clearing  routes  are  shown  on  Figure  10.1.  Each  route  has  been 
divided  into  inidivldual  tasks  and  noted  as  la,  lb,  etc.  Each  task  reflecting 
a  different  debris  environment  as  determined  for  individual  zones  through 
which  the  route  passes.  (See  paragraph  10.10.) 

10.4  AREA  ZONE  MAP 

Due  to  restricted  areal  configuration  of  the  City-water  on  three  sides 
and  City-County  limits  on  the  other -existing  land  use  has  evolved  more  or 
less  by  a  process  of  encroachment  and  overlapping  as  opposed  to  a  somewhat 
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more  systematic  development  that  may  have  been  accomplished  if  area  expan¬ 
sion  had  been  possible.  Consequently,  San  Francisco  does  not  lend  itself 
to  readily  definable  zones  based  solely  on  land  use.  The  City  has,  however, 
been  divided  into  10  Are  districts,  which  in  effect  zone  the  City  by  building 
type  and  configuration  with  respect  to  fire-fighting  requirements.  The  fire 
districts  are  used  also  as  basic  operating  areas  for  the  City's  Emergency 
Operations  Plan.  Zones  for  planning  debris  clearing  operations  were  estab¬ 
lished  which  coincided  as  nearly  as  possible  to  the  existing  fire  districts. 

The  zones  are  numbered  as  1.2,  2.4,  etc.  The  whole  umber  Indi¬ 
cating  the  fire  district;  the  decimal,  the  zone  within  the  district.  The  out¬ 
side  perimeter  of  all  zones  with  the  same  whole  number  prefix  approximates 
the  corresponding  fire  district  boundary.  The  number  of  zones  within  each 
district  is  dependent  on  variations  of  building  types,  height,  etc.  Fire  Dis¬ 
trict  1,  which  Is  essentially  the  “downtown"  portion  of  the  City,  has  6  zones 
while  some  of  the  other  districts  have  only  3.  For  purposes  of  this  study, 
the  City  has  been  divided  Into  42  debris  zones,  as  shown  on  Figure  10.1. 

The  area  zone  map,  or  modification  thereof  as  may  be  later  determined, 
is  basic  to  all  debris  clearing  operations.  It  is  used  in  determining  debris 
environments  regardless  of  attack  conditions.  Other  data  and  information  per¬ 
tinent  to  clearing  operations  can  be  superimposed  on  the  area  zone  map  by 
use  of  transparent  overlays  or  by  actual  notation. 

10.5  DEBRIS  PREDICTION  StIRVFY 

The  next  step  In  the  study  was  to  make  some  prediction  as  to  possible 
debris  environments  resulting  from  various  simulated  attacks  on  the  City. 

This  was  accomplished  by  using  the  D.P.S.  method  as  discussed  in  Section  4. 
Several  variations  in  overall  procedures  were  used,  primarily  to  see  if  com¬ 
parable  results  would  be  obtained.  They  were  as  follows: 
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1 .  Actual  field  survey  along  the  designated  clearing  route, 
using  a  two-man  team  in  accordance  with  procedure  set 
forth  in  Section  4.  This  procedure  was  identified  as  a 
"route  survey"  as  opposed  to  zone  survey  later  dis¬ 
cussed.  Individual  kits  were  prepared  for  several 
routes.  They  included  portion  of  City  map  showing  the 
route:  instructions  as  to  how  inputs  A  through  H  of  the 
D.P.S.  sheets  were  to  be  determined,  and  the  D.P.S. 
sheets  themselves.  The  team,  who  had  not  previously 
been  involved  in  debris  studies,  was  given  a  short 
briefing  of  the  purpose  of  the  survey  and  sent  into  the 


field. 

2.  The  second  procedure  was  the  same  as  Number  1,  above, 
except  that  Inputs  A  through  F  were  obtained  by  using 
Sanborn  maps  in  the  office.  After  this  data  was  recorded 
on  the  appropriate  D.P.S.  sheets,  the  team  drove  along 
the  designated  routes  and  completed  data  for  Inputs  G 

and  H. 

3.  The  third  procedure  was  to  make  a  field  or  office  "zone 
survey" .  The  purpose  of  this  was  to  see  if  average  or 
typical  debris  predictions  as  determined  for  an  Individual 
zone  would  be  similar  to  separate  debris  predictions  made 
for  a  specific  route  through  the  zone. 

All  predicts,  of  d.brts  OTvfronm.nts  to  th.  S.n  Fronolsoo 

,..dy  „=  based  o„  ,be  indtoduel  zone  s«veys  B  .bove)  except  to  ooei- 
partsons  of  results  as  previously  menUoned. 
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Alternating  between  field  survey  and  use  of  Sanborn  maps  enabled  the 
team  to  spot  check  themselves  as  to  the  various  inputs  such  as  average 
height  of  buildings,  etc.  The  biggest  problem  was  found  to  be  in  identifying 
or  con-elating  building  types.  Input  E,  between  the  field  survey  and  Sanborn 
map  Identifications.  Although  all  building  types  were  classified  in  accord¬ 
ance  With  table  of  figure  4-3,  it  may  be  desirable  to  establish  new  designa¬ 
tions  which  would  more  nearly  reflect  types  shown  on  the  Sanborn  maps  or  ac¬ 
tual  types  within  a  specific  study  area. 

Inputs  I  through  n  were  eompleted  by  use  of  appropriate  factors  as 
given  in  Section  <.  In  cases  where  the  D.P.S.  sheet  listed  two  predominant 
building  types  or  uses  within  the  zone,  average  values  of  the  several  appU- 
cable  factors  were  used  tor  the  various  Inputs.  The  same  averaging  process 
was  used  where  block  sizes  or  street  widths  did  not  fall  within  the  ranges 

specified.  Due  to  these  conditions,  it  may  be  worthwhile  to  expand  the  range 
Of  factors  previously  given. 

The  Infotmauon  provided  on  the  top  portion  of  the  D.P.S.  sheet  Is  In¬ 
dicative  of  the  fixed  physical  features  of  the  zone.  This  data  would  be  used 

in  making  predlcuons  of  debris  environment  for  all  assumed  or  actual  attack 
,  conditions . 


PREDICTED  ENVIRONMnvrT.c! 

Using  input  data  A  through  N,  predictions  were  made  of  debris  environ¬ 
ments  that  may  be  anticipated  in  any  zone  of  the  City  as  a  result  of  different 
Simulated  attacks.  Calculations  and  determinations  for  inputs  (1)  through 
(11)  were  made  in  accordance  with  discussion  and  procedures  of  Section  4. 
Input  (11),  predicted  debris  designation  or  type,  was  determined  as  follows: 

The  first  digit  number  was  taken  as  the  most  difficult  (highest  numerical  value) 
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as  shown  on  Figure  1. 1  with  respect  to  given  maximum  depth  and  size  shown 
by  inputs  7  and  8.  The  second  digit  reflects  Inputs  9  and  10.  Figure  10.2 
shows  a  completed  D.P.S.  sheet  for  Zone  1.4.  Environment  predictions  have 
been  made  for  a  range  of  anticipated  overpressures  for  both  blast  only  and 
blast  and  fire  conditions.  A  sheet  for  each  zone  would  be  completed  accord¬ 
ingly  and  used  as  follows.  A  simulated  attack  is  assumed  which  caused  an 
incident  overpressure  of  16  psl  in  Zone  1.4  and  an  uncontrollable  fire  situa¬ 
tion  (Blast  and  Fire  Condition).  Predicted  debris  environment  for  Zone  1.4 
under  these  conditions  would  be  type  4--S  with  an  average  depth  of  6.2  feet. 
The  same  sheet  would  be  used  in  post-attack  efforts  reflecting  either  field 
reports  or  other  Information  transmitted  to  the  control  center.  Assume  that 
initial  field  reconnaissance  from  Zone  1.4  indicated  that  blast  damage  was 
moderate  with  little  or  no  fire  damage;  the  predicted  environment  would  be 
debris  type  4-4  with  an  average  depth  of  7. 9  feet.  (Most  difficult  type  in 
the  moderate  range;  Column  2,  under  blast  only  conditions.) 

Since  this  study  is  concerned  with  one  simulated  attack,  the  calcula¬ 
tions  for  environment  predictions  were  made  only  for  one  value  of  incident 
overpressure  in  each  zone.  Figure  10.3  shows  a  summary  of  debris  environ¬ 
ments  (tyyie  and  average  depth)  as  predicted  for  each  of  the  42  zones.  The 
indicated  overpressures  were  obtained  by  using  the  isobar  overlay  for  a 
1-Mt  air  blast  centered  over  City  Hall.  (See  Figure  10.5)  If  the  same  wea¬ 
pon  had  been  detonated  over  Kezar  Stadium,  the  overlay  would  have  been 
centered  over  the  stadium  and  corresponding  zone  overpressures  indicated 
accordingly.  This  and  potential  fire  spread  which  defines  either  blast  only 
or  blast  and  fire  conditions  are  discussed  later. 

10.7  TRAFnC  CONTENT 

The  predicted  environments  as  given  on  the  D.P.S.  sheets  allow  for 
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Figure  10.3 


all  factors  except  possible  Inclusion  of  damaged  vehicles.  This  variable 
factor  is  dependent  on  traffic  conditions  within  the  zone  at  time  of  attack 
and  the  actual  attack  conditions.  A  tabulation  indicating  this  factor  for  each 
study  area  can  be  made  as  shown  In  Figure  4.12.  It  is  assumed  that  the  at¬ 
tack  on  San  lYancisco  occurred  between  the  hours  of  7  and  9  A.M.  on  a 
Tuesday.  During  these  hours,  medium  to  heavy  traffic  conditions  exist 
throughout  the  City.  Figure  10.4  lists  assumed  traffic  conditions  (Parameter 
B)  for  the  various  zones . 

10.8  ZONE  SITUATIONS 

Prediction  of  debris  environments  for  pre-attack  planning  purposes 
can  be  made  from  completed  D.P.S.  sheets  using  specific  overpressures  and 
fire  spread  data  as  provided  by  appropriate  attack  overlays .  In  the  immediate 
post-attack  period,  these  predictions  could  be  based  on  zone  situations  as 
discussed  in  Section  4.  See  Figure  4.13. 

Blast  damage  as  Indicated  by  a  zone  situation  would  relate  to  evalua¬ 
tion  shown  in  column  (2)  of  the  D.P.S.  sheet.  Situations  1,  2  or  3  would 
apply  to  blast  only  condition;  situation  7,  8  or  9  to  blast  and  fire  conditions. 
The  debris  manager  would  make  his  own  determination  with  respect  to  pre¬ 
dicting  debris  environments  for  a  reported  situation  of  4,  5  or  6. 

Initial  reporting  of  zone  situations  will  enable  the  manager  to  make  at 
least  a  first  approximation  of  debris  environments  to  be  encountered  in  com¬ 
pleting  various  tasks.  Appropriate  resources  could  be  assigned  accordingly. 
As  more  information  becomes  available,  he  may  re-asslgn  resources  as  indi¬ 
cated  by  revised  prediction  of  the  debris  environment. 

Situations  have  been  assigned  each  zone  In  the  City  on  the  basis  of 
the  assumed  attack  conditions.  They  are  listed  on  Figure  10.4. 
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ZONE  SITUATIONS  &  PARAMETER  B 


CITY  OF  SAN  FRANCISCO 
STiollILATED  ATTACK  #1 

Zone  No. 

Situation 

111 
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Situation 
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9 
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10.3 

5 

2 

5.3 
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Figure  10.4 
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10.9  DEBRIS  PERIMETERS 

Zone  situations  as  used  in  this  study  tend  to  define  predicted  type 
and  quantity  of  debris  resulting  from  various  degrees  of  blast  and  fire  dam¬ 
age  as  opposed  to  nine  basic  operating  situations  given  in  Reference  5 .  In 
the  early  post-attack  period,  however,  the  two  can  be  related  with  respect 
to  fire.  A  basic  operating  situation  of  7,  8  or  9,  which  indicates  an  uncon¬ 
trollable  fire  condition  can  be  assumed  the  same  as  a  zone  situation  of  7 ,  8 
or  9,  severe  fire  damage.  Using  this  relation,  it  is  possible  to  make  an 
early  appraisal  of  the  overall  possibility  of  completing  a  task.  This  is  ac¬ 
complished  by  drawing  "debris  perimeters"  on  the  area  zone  map  or  appro¬ 
priate  overlay.  All  zones  with  a  situation  of  7 ,  8  or  9  are  Included  within  the 
"heavy  perimeter".  It  would  be  difficult  if  tiot  impossible  to  complete  within 
a  reasonable  period  of  time,  a  task  lying  within  the  heavy  perimeter  area. 

The  medium  perimeter  is  drawn  to  encompass  all  zones  wdth  a  situation  of  3, 

5  or  6.  Tasks  lying  between  the  "heavy"  and  "medium"  perimeters  could  prob¬ 
ably  be  completed  as  an  emergency  function.  Tasks  beyond  the  "medium" 
perimeter,  zone  situations  1,  2  and  4,  should  present  no  unusual  problems. 

See  Figure  10.5. 

This  relation  of  fire  conditions  between  zone  and  basic  operating  situa¬ 
tions  varies  with  respect  to  time.  Although  an  operating  situation  may  change 
from  an  uncontrollable  fire  condition  {7,  8  or  9)  to  a  negligible  fire  condition 
(1,  2  or  3)  as  fires  are  extinguished,  the  zone  situation  will  remain  as  either 
7,  8  or  9;  severe  fire  damage. 

The  above  evaluation  of  clearing  tasks  does  not  allow  for  the  effects 
of  radiation.  It  is  assumed  that  no  task  would  be  started  in  a  zone  with  a 
severe  fallout  situation  regardless  of  its  location  with  respect  to  the  debris 
perimeters.  As  mentioned  previously,  this  restraint  on  clearing  operations, 
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»s  well  M  exlsttn,  fire  conditions,  wlU  be  Indlcnted  by  color  code  on  the 
individual  task  cards . 

10.10  POST  ATTACK  EVALUATIONS, 

The  previous  paragraphs  have  described  the  different  procedures  and 

data  necessary  for  the  evaluation  of  debris  clearing  tasks.  The  area  zone 
map.  Figure  10.1,  shows  the  different  zones,  zone  situations  and  clearing 
tasks  pertaining  to  the  San  Francisco  study.  In  an  actual  situation,  other 
data  such  as  isobars  of  Incident  overpressures,  anticipated  fire  spread,  de¬ 
bris  perimeters,  etc.  would  be  shown  by  a  series  of  transparent  overlays 
placed  over  the  basic  area  zone  map.  each  overlay  depicting  certain  condi¬ 
tions  of  the  attack  and  clearing  requirements.  For  purposes  of  this  study, 
these  overlays  are  combined  and  shown  at  reduced  scale  on  ngure  10.5. 

Using  the  area  zone  map,  overlays,  completed  D.P.S.  sheets  and 
Figures  1.2  and  10.4,  it  is  possible  to  define  the  debris  handling  require¬ 
ments  for  each  of  the  assumed  tasks.  For  example,  consider  task  12  a.  This 
task  is  located  in  Zone  6.3.  Length  of  route  as  scaled  from  the  map  is  3,600 
feet.  Width  of  clearing  path  is  20’ .  The  attack  overlay  indicates  an  incl  lent 
overpressure  of  15  psi.  A  situation  of  6  has  been  assigned  to  Zone  6.3; 
severe  blast  and  moderate  fire  damage.  The  D.P.S.  sheet  for  Zone  6.3  shows 
the  following  environment:  blast  only  condition:  debris  type  1-2  with  an  aver¬ 
age  depth  of  .8':  for  a  blast  plus  fire  condition;  debris  type  2-3  with  an  aver¬ 
age  depth  of  .4' .  (See  ngure  10.3)  For  purposes  of  this  example,  the  blast 

only  condition  is  used.  Quantity  of  debris  is  determined  to  be  2,220  cu.yd. 
Figure  10.4  shows  a  value  for  traffic  content  (Parameter  B)  of  3.  Adjusted 
debris  type  is  2-3.  (See  Figure  1.2.)  Task  12a  involves  the  handUng  of 
2,220  cu.yds.  of  type  2-3  debris. 
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similar  evaluations  »ere  made  lor  aU  tasks.  As  previously  men¬ 
tioned,  the  twelve  deslpnatml  clearing  routes  have  been  considered  by  Indi¬ 
vidual  tasks,  each  reflecting  a  different  debris  environment  (or  type)  as  de¬ 
termined  for  the  zone  through  which  the  route  passes,  A  labulaUon  of  all 
tasks  can  be  made  by  using  the  form  shown  on  Plgure  k,l.  Bgure  10,6  Is  a 
partial  Ustln,  used  for  the  San  fy.nclsoo  study,  A  summary  of  the  andclp.te 
guantlty  of  debris  to  be  handled  In  cle.rln,  the  designated  routes  Is  shown 

„„ngurel0,7.  Quantities  are  listed  by  debris  types.  They  are  based  on 

■blast  only-  conditions  except  lor  tasks  In  zones  having  a  situation  number 
o,  7,  B  or  9,  where  factors  reflecting  a  'blast  and  fire"  condlUon  were  used. 

Total  guantlty  of  debris  to  be  handled  Is  esu.a.ed  to  be  approximately 
550.000  cu.yd.  If  blast  only  condition  had  been  used  for  all  oalculaUons, 
the  total  guantlty  would  be  approximately  920,000  ou,yd..  These  rpiantldes 
are  Indlc.dve  of  the  overall  magnitude  of  debris  clearing  regulrements.  They 
represent  only  a  small  percentage  of  the  total  guantlty  which  ultimately  may 

have  to  be  cleared  from  the  City  of  Sait  Francisco. 

-creK  in  several  variations  of  the  D.P.S. 

As  mentioned  in  paragraph  10.5, 

method  were  used  to  determine  average  depth  of  debris  which  In  turn  dictates 
total  guantlty.  Comparative  results  for  'blast  only"  condltton  were  as 
foUows,  Quantity  as  determined  for  Rout.  *1  based  on  profile  given  In  Re  - 
erence  6  was  118,000  cu,yds,:  based  on  a  rout,  survey,  the  total  was 
181,000  cu,yds,  using  a  zone  survey,  the  guantlty  was  167,000  ou.yds. 
Results  of  other  comparable  route  and  zone  surveys  lndlrm.«l  Utat,  In  gen¬ 
eral,  a  route  survey  gave  greater  guanttttes  of  debds  than  determined  by  a 
zone  survey.  This  was  anticipated  as  most  designated  routes  were  along 
malor  thoroughfares  where  building  densities  were  u.uaUy  higher  Udrn  av.r- 
.,e  conditions  In  the  zone.  Varladons  In  total  guan.lUes  were  In  the  range 
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Figure  10.7 


of  plus  or  minus  20  to  40%.  Considering  the  large  uncertainties  of  all  fac¬ 
tors  relating  to  nuclear  attacks,  it  is  felt  that  either  D.P.S.  method  would 
provide  reasonable  basis  for  determining  clearing  operation  requirements. 

The  choice  would  lie  with  those  in  charge  of  debris  studies  for  each  specific 
study  area.  The  physical  features  and  configuration  of  an  area  would  pro¬ 
bably  indicate  which  method,  either  route  or  zone  surveys,  would  be  most 
appropriate . 
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SECTION  11 
SAN  FRANCISCO  STUDY 

RESOURCE  INVENTORY.  ASSIGNMENT 
&  TOTAL  REQUIRED  RESOURCES 


11. 1  INTRODUCTION 

In  this  phase  of  the  study,  Inventories  of  the  resources  of  the  San 
Francisco  area  were  made.  The  essential  resources  that  were  located  and 
tabulated  were:  key  debris  removing  equipment,  petroleum  stocks,  repair 
parts  sources  and  manpower  for  organization  and  operation.  The  key  equip¬ 
ment  was  placed  Into  groups  which  were  considered  best  to  deal  with  the 
various  tasks  likely  to  be  allocated  to  them. 

The  most  appropriate  groups  were  then  matched  to  the  various  clear¬ 
ing  tasks  outlined  in  Section  10  of  this  study.  It  was  then  possible  to  com¬ 
pute  the  total  effort  in  equipment,  P.O.L.  and  manhours  required  to  carry 
out  these  tasks. 

11.2  EQUIPMENT  INVENTORY 

An  inventory  of  key  equipment  was  made  for  the  City  of  San  Francisco 
and  for  the  areas  that  were  considered  sufficiently  near  to  the  City  to  be 
able  to  provide  key  equipment  in  time  for  it  to  be  used  on  emergency  clear¬ 
ing  tasks.  In  the  simulated  attack  condition,  the  estimated  damage  should 
be  light  in  the  outlying  districts  where  the  equipment  normally  is  located, 
so  that  it  is  presumed  to  be  made  available  for  use  in  San  Francisco.  These 
additional  areas  were  the  Mid-Peninsula  (south  of  the  City  to  Redwood  City), 
the  South  Peninsula  (Redwood  City  to  San  Jose),  Marin  (Marin  County),  and 
the  East  Bay  (Richmond  to  Hayward  and  east  to  San  Leandro). 

The  key  equipment  considered  was  limited  to  bulldozers,  front-end 
loaders,  shovels  and  motor  graders.  It  was  realized  that  dump  trucks. 
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supply  ti'ucks  and  low-bed  trailers  for  transport  would  be  needed  for  success¬ 
ful  clearing  operations,  but  It  was  considered  that  they  would  be  available 
in  sufficient  quantities  from  the  same  sources  as  the  key  equipment. 

Contractors  and  dealers  were  contacted  and  their  presently  available 
key  equipment  was  recorded  on  Equipment  Inventory  Locator  cards.  A  typical 
completed  card  Is  shown  on  Figure  11. 1.  Most  of  the  contractors  were  drawn 
from  a  list  of  members  provided  by  the  Peninsula  Chapter  of  the  Engineering 
and  Grading  Contractors  Association.  The  local  dealers  for  the  major  earth- 
moving  equipment  manufacturers  contacted  were  listed  from  the  current 
"Annual  Equipment  Index"  of  Western  Construction  magazine  or  from  the  Yel¬ 
low  Pages  of  the  telephone  directory.  Some  forty  sources  were  Inventoried 
and  continuing  studies  would  Increase  this  number  substantially.  More  than 
one  hundred  bulldozers  and  160  front-end  loaders  were  counted.  These  are 
the  most  critical  pieces  of  equipment  for  the  presumed  conditions  and  ade¬ 
quate  to  perform  the  tasks  listed  in  this  study. 

It  was  found  that  practically  all  the  key  equipment  located  in  the 
City  was  in  one  zone  (10.3),  an  outlying  area  to  the  south.  San  Francisco 
is  probably  unique  in  such  concentration  of  equipment  and  other  cities  could 
be  expected  to  have  a  more  even  distribution  of  key  equipment.  The  greater 
part  of  the  total  quantity  of  equipment  located  was  outside  the  city  limits. 
The  City  public  works  department  and  the  various  utilities  had  little  or  no 
equipment  in  the  key  categories.  The  large  contractors  working  on  various 
major  buildings  and  BARTD  structures  also  seemed  to  have  little  appropriate 
earthmoving  equipment. 

Large  contractors  with  their  home  base  in  this  area  are  poor  pros¬ 
pects  for  locally  stocked  equipment  but  could  be  very  valuable  as  sources 
of  management  personnel  or  advisors.  It  is  noteworthy  that  there  are  very 
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Figure  11. 


few  power  shovels  in  this  area. 

Each  source  of  equipment  was  given  an  equipment  yard  serial  number, 
by  zone  -  Figure  11.2.  An  Equipment  Inventory  Summary  was  made  out  for 
Zone  10.3  of  the  City  as  well  as  for  each  of  the  four  nearby  areas  mentioned 
previously.  A  sample  Zone  Summary  card  is  shown  on  Figure  11.3  and  the 
Total  Equipment  Inventory  Summary  was  then  completed  for  the  whole  area 
and  is  shown  on  Figure  11.4.  A  map  showing  the  position  of  individual 
sources  of  key  equipment  was  drawn  up  (Figure  5.3).  Most  of  the  equip¬ 
ment  was  either  close  together  in  one  zone  of  the  City,  or  could  be  brought 
from  outside  the  City  to  designated  MSA's,  during  Increased  readiness  alert. 

Equipment  Parts  Locator  cards  were  completed  for  the  various  units 
of  key  equipment  used  in  this  study.  The  information  was  obtained  from  the 
current  "Annual  Equipment  Index"  of  Western  Construction  magazine.  An 
example  of  a  completed  card  is  shown  on  Figure  11.5. 

11.3  MANPOWER  RESOURCES 

The  debris  clearing  manager  will  require  the  assistance  of  manage¬ 
ment  personnel  from  Industry  who  for  the  most  part  are  successful  contractors 
or  their  key  personnel.  Executive  officers  of  the  E.G.C.A.  were  listed  as 
key  management  personnel  on  Figure  11.6.  Others  listed  were  consultants 
in  the  field,  and  an  officer  of  the  ASCE.  General  contractors  with  head¬ 
quarters  in  the  area,  who  have  experience  in  large  construction  endeavors 
on  a  world-wide  basis  but  who  may  not  otherwise  be  active  locally  in  con¬ 
struction  would  be  additional  sources  of  management  per.'sonnel. 

Discussion  with  the  Operating  Engineers  of  the  AFL-CIO  with  respect 
to  establishment  of  a  cadre  of  key  operators  resulted  in  the  listing  in  Figure 
11.7  not  of  individual  operators,  but  union  representatives  from  the  various 
districts  in  the  area.  It  was  considered  that  these  people  would  mobilize 
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SERIAL  NUMBER  ASSIGNMENTS 
CITY!  San  Francisco _  ZONE;_  IQ-j 


OWNER 


YARD  LOCATION 


SER. 

NO. 


Flora  Crane 
Chet  C.  Smith 
Morgan  Equipment 
Fred  Early 


25  0  Mendell 
2170  Oakdale  Avenue 
1755  Evans 
369  Pine  (Office) 


101 

102 

103 

104 


Figure  11.2 
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KEY  EQUIPMENT  INVENTORY 
ZONE  SUMMARY 
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niPMENT  INVENTORY 


Figure  11.4 


equipment  parts  locator 


MANUFACTURER:  Caterpillar 


DATE:  3-4-71 


EQUIPMENT:  Dozers,  Front  End  Loaders, &  Graders 


FACTORY  ADDRESS  •(  MAiN  OFFICE) 


STREET 


CITY  Peoria,  Illinois 


PHONE309-676-3311  RADIO 


(BRANCH) 


CONTACTS  Ralph  E.  Ehnl 


LOCAL  DISTRIBUTOR  NAME:  Peterson  Tractor  Co. 


STREET 


95 S  Marina  Boulevard 


CITY  _ San  Leandro 

PHONE  357-6200  RADIO_ 
CONTACTS  Mike  Patrick 


NEAREST  DISTRIBUTOR  ELSEWHERE:  NAME: 


STREET 


Highway  4 


CITY  Stockton 


PHONE  209-466 -600CRADIO 


CONTACTS 


OTHER  IMPORTANT  PARTS  SOURrE.q ; 


Peterson  Tractor  Co.  @  Chico 


Holt  Bros . 


Figure  11.5 


KEY  PERSONNEL  (Management) 
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figure  11 


the  required  operators  during  the  Increased  readiness  period.  Future  studies 
could  supplement  the  union  officials  by  a  Ust  of  names  of  more  or  less  per¬ 
manently  located  skilled  personnel  In  the  event  the  union  offices  would  not 
survive  the  attack.  The  study  determined  that  there  were  presently  about 
200  heavy  construction  equipment  operators  In  the  area. 

11.4  P-0.1-.  INVENTORY 

Figure  11.8  shows  details  of  some  of  the  major  commercially  avail¬ 
able  P.O.L.  sources  In  the  area  with  their  approximate  normal  stocks.  These 
fuel  and  lubricant  suppliers  provided  their  normal  stocks  and  storage  loca¬ 
tions  only  upon  verifying  the  authenticity  of  this  study.  It  should  be  noted 
that  a  large  stock  of  P.O.L.  is  located  and  concentrated  at  the  Brisbane 
Southern  Pacific  Pipeline  Terminal. 

11.5  RESOURCE  ASSIGNMENT 

Group  Cards  were  made  up  from  the  various  zone  inventory  summaries. 
Sample  cards  are  shown  on  Figures  11.9  and  11.10.  The  groups  contained 
no  more  than  three  Items  of  major  equipment  and  were  arranged  to  be  able  to 
deal  with  one  of  the  three  types  of  clearing  operations  described  in  para¬ 
graph  2.3.  As  far  as  possible,  the  groups  also  were  arranged  to  be  most 
effective  in  one  of  the  three  access  route  widths  Ukely  to  be  encountered  on 
carrying  out  the  clearing  tasks.  For  example,  groups  with  three  270  HP  to 
350  HP  bulldozers  were  made  up  for  clearing  50’  routes  with  nominal  debris 
depths.  Other  groups  with  two  270  HP  bulldozers  as  major  equipment  were 
formed  for  30  ft.  routes.  After  groups  were  formed  the  Zone  Resource  Group 
inventory  Cards  were  made  for  each  zone.  They  Ust  groups  by  group  number 
and  show  production  capacity,  types  of  operation  and  location.  Figure  11.11 

shows  this  card  for  Zone  10.3. 
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GROUP!  9  ZONE:  10.3  DATE  FORMED!  3/23/71  DATE  DISSOLVED; 
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STANDARD  PRODUCTION  -  CU.  YD./HR. :  360  TYPE  OF  OPERATION: 

Figure  11.10 


Figure  11*11 
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Task  Requirement  Cards  for  three  tasks  in  route  #5  are  shown  on 
Figures  11. 12  to  11.14.  These  are  representative  of  the  individual  task  re¬ 
quirement  cards  made  up  to  clear  the  12  routes.  Note  that  "Fallout"  and 
"Fire"  conditions  on  the  cards  are  color  coded  Yellow.  This  means  that  with¬ 
in  the  zone  location  of  the  individual  tasks,  there  is  negligible  fallout  and 
negligible  fire  conditions.  This  may  not  be  the  case  but  is  considered  to  be 
so  for  the  purpose  of  this  study.  The  color  coding  used  is  in  accord  with  the 
Alpha  Neop  Plan  proposed  by  Stanford  Research  Institute. 

For  the  purpose  of  this  study,  work  on  the  first  tasks  was  assumed 
to  start  at  1800  hrs.  on  Tuesday,  March  23.  This  was  10  hours  after  the 
1-Mt  air  burst  mentioned  in  Section  10. 

Using  the  Zone  Resource  Inventory,  the  most  suitable  groups  were 
assigned  to  the  various  individual  tasks.  In  this  assignment  of  groups  to 
tasks,  the  inventories  were  searched  for  groups  with  high  standard  produc¬ 
tion  having  an  operation  type  corresponding  to  that  on  the  Task  Requirement 
Card.  Consideration  also  was  given  to  the  task  location  relative  to  a  poten¬ 
tial  MSA  location  where  the  equipment  would  have  been  mobilized  during  in¬ 
creased  readiness.  For  example,  groups  from  the  Southern  Peninsula  area 
were  assembled  at  a  presumed  MSA  at  the  San  Francisco  Golf  Club  and  used 
mainly  on  tasks  in  the  western  zones  of  the  City. 

Each  of  the  groups  selected  as  possibilities  for  a  given  task  were 
evaluated  on  the  Resource  Evaluation  section  of  the  task  card  as  to  time  re¬ 
quired  to  complete  the  task.  In  this  evaluation,  the  adjusted  hourly  produc¬ 
tion  was  determined  by  multiplying  the  standard  production  given  on  the  group 
card  by  two  factors.  The  first  was  a  factor  which  reflected  varying  diffi¬ 
culties  in  the  clearing  operation  caused  by  the  various  contents  of  the  debris. 
This  factor  was  obtained  from  Figure  3.3.  The  second  factor  reflected  the 
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TASK  REQUIREMENT  CARD 


Task  Requirement  Summary 

Zone  Situation:  6  Fall  Out:  "Yellow"  Fire  Condition:  "Yellow" 

Task  No:  5a  Zone:  1.1  Date;  3/23  Priority: _ 

Route  Width:  30'  Street  Width:  80‘  Average  Depth:  4.8'  Length:  2.05 

Operation  Type :  5  Time  Allowed-Hrs:  160  Finish  Day:  3/30  Hr:  10.00 
Debris  Type:  4-3  Variable  Cont:  3  Adjusted  Debris  Type:  5-4 _ 

Volume :  12680 _ ^Req .  Prod : _ _ 

Resource  Evaluation 


Production 


Pro 


8  10.3  580 


1  Factors 

Comp. 

Units 

.23 

.23 

.70 

.70 

Time  -  Hours 

Mobil. 

Oper. 

Total 

10 

219 

229 

10* 

136 

146 

Supporting  Resources 


♦Mobilized  by  'Vater 


,  Code 

Quantity 

620 

3 

621 

3 

622 

- 

072 

.5 

Resource  Assignment: 

■■  ' "  Group  No.  8 

Start  Day _ 3/23 _ Hour  18.00 _ 

Finish  Day _ 3/29 _ Hour  20.00  Gross  Oper.Tlme  142 

labor  Hrs.by  skill:  1  355  2  186  3  1207  4  234 _ 

Labor  Total  Hrs :  2032 _ 

Dies .  (gal) :  5507  Ga  s  (gal)  142 _ Lube  (lb .)  235  pu  (ga  1 .)  91 


Figure  11.12 
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TASK  REQUIREMENT  CARD 


Task  ReQulrement  Summary 

Zone  Situation:  9  Fall  Out:  '’Yellow"  Fire  Condition:  "Yellow" 

Task  No:  5b _ Zone:  4.3  Date:  3/23 _ ^Priority: _ 

Route  Width:  30'  Street  Width:  80'  Average  Depth:  2.  9'  Length:  s.: 
Operation  Type:  5  Time  Allowed-Hrs:  200  Finish  Day:  4/7  Hr;  18,00 
Debris  Type :  4  -4  Variable  Cont:  3  Adjusted  Debris  Type :  5 -5 _ 


Volume : _ 18,355 

Resource  Evaluation 


Req.Prod: 


Production 

Cu.Yd./Hr. 


33  East  770 

Bay 

8  10.3  580 


Supporting  Resources 


Comp.  Units 


.17 


Time  -  Hours 

Adjusted 

Mobil. 

Oper. 

1 

Total 

92 

24* 

200 

224 

69 

0 

266 

266 

Code 

Quantity 

620 

2 

621 

2 

622 

- 

072 

0.3 

♦This  group  from  East  Bay  will  mobilize 
In  24  hours  from  3/20  @  20.00  hrs., 
but  will  be  ready  to  r  tart  sub-task  5b 
on  completion  of  sub-task  5a  on  3/29 
a  20.00  hrs. 


Resource  Assignment: 

-  Qroup  No.  33 

Start  Day _ 3/28 _ Hour  20.00  _ 

Finish  Day _ 4/7 _ ^Hour _ 04.00  Gross  Oper.Tlme  214 

Labor  Hrs. by  skill:  1  492  2  294  3  1391  4  640  _ 

labor  Total  Hrs : _ 2817 _ 

Dies .  (gal) :  9164 _ ^Gas  (gal)  214 _ Lube  (lb .)  439  011  (gal .)  K.7 
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TASK  REQUIREMENT  CARD 


Task  Requirement  Summary 

Zone  Situation:  9  Fall  Out:  "Yellow''  Fire  Condition:  "Yellow" 

Ta sk  No :  Sc  Zone :  2.2  Date :  3/23 _ Priority : _ 

Route  Width:  30'  Street  Width:  80*  Average  Depth:  4.4'  Length:  1.75' 

Operation  Type :  5  Time  Allowed-Hrs:  54  Finish  Day:  ^/9  Hr:  24.00 

Debris  Type:  3-5  Variable  Cont;  3 _ ^Adjusted  Debris  Type:  5-3 _ 

Volume : _ ^££5 _ Req .  Prod : _ £££ _ 


Resource  Evaluation 


■1 

Production 

Cu.Yd./Hr. 

Time  -  Hours 

No. 

Zone 

Standard 

Factors 

Adjusted 

Mobil. 

Oper. 

Total 

Prod. 

Comp. 

Units 

8 

10.3 

580 

.35 

.70 

142 

0 

69 

69 

33 

East 

Bay 

770 

.35 

.70 

190 

0 

52 

52 

Supporting  Resources 


Code 

Quantity 

620 

3 

621 

3 

622 

1 

072 

0.5 

Resource  Assignment: 

Group  No. 

33 

Start  Day  4/7 

Hour 

04.00 

Finish  Day  4/9 

Hour 

08.00  Gross  Oper. Time  52 

Labor  Hrs. by  skill:  1  130  2  76  3  454  4  260 _ 

Labor  Total  Hrs: _ 920 _ _ 

Dies . (gal) :  2293  Gas(qal)  52 _ Lube(lb.)  115  pu  (gal.)  42 


Figure  11.14 
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reduction  In  production  to  be  expected  when  multiple  units  of  major  equip¬ 
ment  were  working  in  the  Umited  working  space  of  the  route  width.  This 
was  obtained  by  dividing  the  appropriate  factor  from  Figure  3.4  by  the  num¬ 
ber  of  major  units  in  the  group.  With  •'combination'-  groups,  as  determined 
from  ngure  2.2,  (such  as  were  employed  for  task  5a),  the  unit  factor  was 
first  averaged  between  the  two  different  types  of  equipment  and  then  divided 
by  the  number  of  major  units.  For  example,  group  8  on  task  5a  (Figure  11.12) 
contained  a  bulldozer  (Code  284)  and  an  end  dump  front-end  loader  (Code 

165). 

1. 6+1*2  o-=n7 

Multiple  Unit  Factor  =  - ^ 

The  group  which  had  the  capability  to  complete  the  task  most  quickly,  and 

within  the  time  allowed/  was  selected. 

Attached  to  the  selected  group  were  additional  sets  of  tools  and  sup- 
pUes  for  cutting  steel  and  wood  debris  as  required,  and  the  personnel  to 
perform  such  tasks.  The  required  quantities  of  these  support  resources 
varied  with  the  debris  characteristics  as  indicated  on  Figure  8.5  .  Where  the 
debris  depth  and  type  required  it,  a  crane  was  attached  to  the  selected  group 
to  handle  heavy  pieces  of  structural  steel  and  other  large  pieces  of  debris. 

Computer  application  to  the  problem  of  group  and  task  matching  and 
group  avallabiUty  is  not  within  the  scope  of  this  study,  but  in  a  situation 
where  there  were  a  large  number  of  groups  and  a  multitude  of  tasks,  the 
groups  could  be  given  code  numbers  which  indicate  the  major  equipment 
they  contain.  These  code  numbers  could  be  compared  by  the  computer  with 
the  various  individual  tasks  and  the  most  suitable  available  group  selected, 
task  duration  times  forecast,  and  P.O.L.  and  manpower  requirements  could 
be  predicted.  Computer  analysis  may  provide  a  planning  tool  and  might  be 
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useful  in  the  post-attack  period.  In  any  event,  it  is  essential  to  code  the 
equipment  by  type  and  capacity  to  avoid  confusion  in  considering  the  many 
sizes  and  types  which  may  be  available  and  interchangeable. 

It  was  found  useful  to  employ  a  bar  chart  (see  Figure  11.15)  in  order 
to  determine  the  availability  and  location  of  the  various  groups  at  any  given 
time.  From  the  bar  chart  it  can  be  seen  that,  in  some  cases,  as  many  as 
three  groups  are  employed  in  clearing  a  given  individual  task  at  the  same 
time. 

There  were  two  task  situations  in  which  "multi -group"  debris  clear¬ 
ing  was  employed.  The  first  was  when  a  route  could  bo  tackled  from  both 
ends.  Route  #3  (see  zone  map  Figure  10.1)  illustrates  this.  Groups  20  and 
21  were  assembled  at  the  San  Francisco  Golf  Club  MSA,  having  been  mobi¬ 
lized  from  the  Mid-Peninsula  area.  Group  21  was  considered  to  start  im¬ 
mediately  on  the  southern  end  of  task  3d  and  then  on  to  task  3c.  Group  20 
was  mobilized  to  the  north  end  of  task  3a.  This  mobilization  was  estimated 
to  take  six  hours  and  to  be  carried  out  under  the  equipment's  own  power  via 
the  Great  Highway.  Group  20  could  complete  task  3a  and  then  both  groups 
could  tackle  task  3b,  one  from  each  end.  A  second  type  of  multi -group 
operation  is  illustrated  by  Route  #1.  In  this  case,  task  If  was  started  in 
three  places  by  three  groups  equipped  to  deal  with  combination  type  opera¬ 
tions  (see  Section  2  of  this  study).  Each  of  these  groups  had  "all  crawler" 
major  equipment.  The  assumption  was  that  the  "all  crawler"  groups  could 
travel  over  debris  of  average  depth  without  having  first  to  clear  an  access 
route.  These  groups  (12,  17  and  18)  could  by-pass  tasks  la  through  le 
and  start  task  If  after  a  seven  hour  mobilization  period.  P.O.L.  supplies 
to  these  "by-passing"  groups  could  be  carried  in  drums  by  crawler  front- 
end  loaders.  It  Is  recognized  that  maintenance  of  "by-passing"  groups 
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Figure  11.15 


would  be  difficult.  In  this  study,  another  method  of  both  mobilization  to  a 
task  and  of  P.O.L.  supply  during  the  task  was  considered.  This  was  by  use 
of  barges  on  water  routes.  Of  course,  this  method  would  not  be  applicable 
to  all  cities. 

11.6  TOTAL  REQUIRED  RESOURCES 

On  completion  of  the  "Resource  Assignment"  for  all  tasks,  the  Total 
Resource  Needs  Forecast,  Figure  11.16,  was  compiled.  This  card  shows  a 
prediction  of  total  manpower  hours,  by  SKills,  and  total  petroleum  fuel  re¬ 
quirements  for  clearing  the  12  routes  through  the  City.  Comparing  the  P.O.L. 
quantities  with  the  P.O.L.  resources  available  in  the  area,  as  indicated  on 
the  P.O.L.  Sources  Card  (Figure  11.8)  shows  that  only  a  small  fraction  of 
these  resources  will  be  needed  fo.‘  debris  clearing  operations. 

From  the  Equipment  Group  Cards  and  Task  Requirement  Cards,  a  total 
Machine  Hour  Forecast  was  made.  Figure  11.17  shows  this  forecast  for 
routes  8,  9,  10,  11  and  12.  The  hours  shown  as  B/F  (Brought  Forward)  are 
for  routes  1  through  7 . 

It  is  interesting  to  note  the  following:  71,385  manhours,  requiring 
a  maximum  of  approximately  300  men  are  needed  to  remove  548,525  cu.yd. 
of  debris  material.  All  tasks  except  2b  would  be  finished  after  17  days. 
Finish  of  task  2b  would  be  approximately  48  days  after  the  start  of  clearing 
operations  on  March  23.  To  clear  the  12  assigned  routes,  85  pieces  of 
major  or  key  equipment  and  7  cranes  are  required.  This  equipment,  along 
with  the  necessary  dump  trucks,  will  require  approximately  195,000  gallons 
of  diesel  fuel. 
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TOTAL  RESOURCE  NEEDS  FORECAST  DATE 
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Figvro  11. 16 


EQUIPMENT  RESOURCE 

TOTAL  MACHINE  HOUR  FORECAST  DATE:  2/24/7 1 
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Figure  11.17 


SECTION  12 

CONCLUSIONS  AND  RECOMMENDATIONS 

12.1  CONCLUSIONS 

Debris  environments  and  associated  debris  clearing  problems  are 
very  difficult  to  predict.  It  Is  possible>  however,  to  make  realistic  approx¬ 
imations  by  utilizing  and  combining  findings  of  previous  research  (References 
1-7)  with  procedures  set  forth  in  this  study.  Clearing  operations  and  re¬ 
source  requirements  can  be  evaluated  on  the  basis  of  different  simulated 
attack  conditions  during  the  pre-event  planning  period.  The  proposed  pro¬ 
cedures  are  such  that  post -attack  data  could  be  readily  integrated  without 
significantly  altering  the  overall  concept. 

12.1.1  Mobilization 

Success  of  any  emergency  action  depends  to  a  large  extent  on  an  ef¬ 
ficient  and  reliable  method  of  mobilizing  necessary  resources.  Debris  clear¬ 
ing  operations  are  no  exception,  even  though  they  present  problems  which 
are  not  applicable  to  other  activities,  such  as  need  for  large  size  construc¬ 
tion  equipment .  The  study  proposes  various  inventory  and  organizational 
procedures  to  be  followed  in  planning  or  periods  of  Increased  readiness  and 
by  which  resources  can  be  mobilized  for  clearing  operations.  Specific  re¬ 
quirements  for  successful  moblUzation  will  depend  on  local  conditions  and 
emergency  operating  plans  if  available.  In  any  event,  it  is  essential  that 
moblUzaUon  procedures  be  finalized  in  the  planning  period. 

12.1.2  Available  Resoureai 

Based  on  existing  studies  and  assumed  attack  conditions  It  appears 
that  sufficient  resources  would  be  available  to  implement  clearing  operations 
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in  the  post-attack  period.  Resources  can  be  assigned  to  different  clearing 
tasks  on  the  basis  of  their  availability  and  capacity  of  handling  various 
types  of  debris.  Evaluations  can  be  made  for  different  areas  and  attack  con¬ 
ditions  so  as  to  identify  those  situations  where  lack  of  resources  would  pre¬ 
clude  the  initiation  of  clearing  operations. 

12.1.3  Total  Effort 

Total  effort  in  terms  of  manpower,  equipment,  P.O.L.  supplies  and 
other  supporting  resources  can  be  determined  for  various  debris  clearing 
operations.  They  will  provide  a  guide  as  to  potential  need  and  use  of  re¬ 
sources  for  this  particular  emergency  function.  Approximations  of  total  re¬ 
source  requirements  for  all  simulated  conditions  can  be  made  by  relating 
anticipated  quantities  of  debris  generated  by  those  situations  to  debris  quan¬ 
tities  considered  in  specific  case  studies. 

12.1.4  Case  Study 

The  San  Francisco  case  study  shows  that  the  proposed  methods  and 
procedures  would  provide  essential  data  and  information  needed  in  both  pre¬ 
attack  planning  and  post-attack  implementation  of  debris  clearing  operations. 
The  indicated  formats  are  adaptable  to  specific  requirements  of  a  study  area 
subjected  to  different  attack  conditions.  They  provide  a  means  by  which 
evaluation  of  clearing  operations  can  be  made  with  respect  to  the  overall 
recovery  effort. 

12.2  RECOMMENDATIONS 

Debris  clearing  operations  are  a  critical  function  to  be  considered 
in  any  emergency  operating  plan.  In  many  instances,  other  Civil  Defense 
actions  cannot  be  initiated  until  debris  clearing  is  accomplished.  Based  on 
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conclusions  and  findings  of  this  study/  the  following  recommendations  are 
made: 

a)  Formats  and  Inputs  used  in  developing  the  pro¬ 

posed  operational  plan  should  be  reviewed  with  res¬ 
pect  to  existing  Emergency  Operating  Plans,  such  as 
"NEOP"  proposed  by  Stanford  Research  Institute. 

Debris  clearing  should  be  considered  as  a  separate 
"annex"  or  emergency  action. 

A  formalized  "handbook"  for  making  predictions 
of  debris  environments  and  the  implementation  of  clear¬ 
ing  operations  should  be  prepared.  It  must  be  adapta¬ 
ble  to  all  study  areas  and  presented  in  such  a  form 
that  local  Civil  Defense  personnel  could  analyze  and 
evaluate  potential  regulrements  and  effectiveness  of 
clearing  operations. 

b)  Additional  investigations  should  be  made  regarding 
mobilization  efforts  required  for  clearing  operations 
during  periods  of  Increased  readiness.  Correlation 
with  other  emergency  functions— the  effectiveness  of 
MSA  concept  with  respect  to  clearing  operations — and 
evaluation  of  resource  allocations  between  different 
functions  should  be  studied. 

c)  Due  to  interdependency  of  all  survival  actions,  it  is 
recommended  that  additional  effort  be  made  to  define 
more  specifically  the  "critical  time  relation"  between 
clearing  operations  and  other  functions  such  as  fire 
fighting,  evacuation,  etc. 
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d)  Factors  or  parameters  should  be  developed  by  which 
the  proposed  debris  clearing  operational  plan  could 
be  adapted  to  natural  disasters  such  as  floods  or 
hurricanes . 
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